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MODEL 70 
GENERAL DESCRIPTION 



1. INTRODUCTION 

The Model 70 combines advanced circuitry and packaging designs to give the user a price/performance optimized ma- 
chine. The Model 70 is completely upward compatible with INTEKDATA Model 3, 4 and 5 Processors user instructions, 
interrupt handling, input/output formats and control sequencing. Because of this compatability, the Model 70 can use 
the wide range of existing software and peripheral devices. 

The Model 70 offers a comprehensive set of 113 instructions making the system both easy to program and efficient to 
operate. Through multi-function instructions and direct core addressing, coding and debugging time is reduced to a 
minimum. 

Memory is addressable to the eight -bit bjrte level. Memory is expandable from the basic 8, 192 bjrtes to 65, 536 bytes. 
All memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Six- 
teen 16-bit General Registers can be used as Accumulators, fifteen of which can also be used as Index Registers. Regis- 
ter-to-Register instructions permit operations between any of the sixteen General Registers, eliminating redundant 
loads and stores. 

The Protect Mode of the Model 70 enables Memory Protect and detection of Privileged instructions, and can be ac- 
tivated under program control. This mode is invaluable in process control, data communication, and time-sharing 
operations to guarantee that a running program cannot interfere with the integrity of the system. 

The Model 70 also provides a flexable Input/Output system in addition to conventional means of programmed I/O. In 
the Automatic I/O Service Mode, the Processor acknowledges all I/O interrupts and automatically performs much of 
the overhead prior to activating the Interrupt Service Routine, In conjunction with the Automatic I/O Service, an I/O 
Channel can perform data transfers and signal counting without interrupting the running program until the specified 
sequence is completed. 

Up to four Direct Memory Access Channels can be added to a Model 70 Memory System. These channels operate over 
the common Memory Bus, on a cycle stealing basis, through a Direct Memory Access Port which is build into the Pro- 
cessor. Two types of Direct Memory Access Channels can be used with the Model 70 System: The Selector Channel, 
which permits direct data transfer between any standard oriented INTERDATA device controller and memory; and the 
Direct Memory Access Channel custom designed by the user for special applications. 

2. SCOPE 

This specification Is Intended to enable the digital technician to understand the INTERDATA documentation system. 
Number Notation, the Part Numbering System, and the Drawing System are described. Illustrations are provided 
to help understand these systems. Other publications which may be of interest to Model 70 users are shown In Table 1. 

TABLE 1. RELATED PUBLICATIONS 



Title 


Publication Number 


Universal Clock Instruction Manual 
Model 70 Users Handbook 
Model 70 Maintenance Manual 
Multiplexor Bus Buffer Instruction Manual 
8 Lane Interrupt Module Instruction Manual 


29-265 

29-261 

29-266* 

29-267 

29-268 



*ThIs General Description Is a part of 29-266 



3. BLOCK DIAGRAM 



A Model 70 simplified block diagram is shown in Figure 1. The Model 70 is a 16-bit digital computer. The Processor 
logic is contained on four PC boards: 
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Figure 1. Model 70 Simplified Block Diagram 

4. DOCUMENTATION 

This section describes the style and conventions used with INTERDATA documentation. 

4. 1 Number Notation 

The most common form of number notation used In INTERDATA documentation is hexadecimal notation. In this system, 
groups of four binary digits are represented by a single hexadecimal digit. Table 2 lists the hexadecimal characters 
employed. 

TABLE 2. HEXADECIMAL NOTATION DATA 



Binary 


Decimal 


Hexadecimal 


Binary 


Decimal 


Hexadecimal 


Binary 


Decimal 


Hexadecimal 


0000 








0110 


6 


6 


1100 


12 


C 


0001 


1 


1 


0111 


7 


7 


1101 


13 


D 


0010 


2 


2 


1000 


8 


8 


1110 


14 


E 


0011 


3 


3 


1001 


9 


9 


1111 


15 


F 


0100 


4 


4 


1010 


10 


A 








0101 


5 


5 


1011 


11 


B 









To differentiate between decimal and hexadecimal numbers, hexadecimal numbers are preceded by the letter "X", and 
the number is enclosed in single quotation marks. Examples of hexadecimal numbers are: X'1234', X'2EC6', X'A340, 
X'EEFA', andX'lOBg'. 



4. 2 Part Numbering System 

INTERDATA parts, drawings, and publications employ a common numbering system. The part number and drawing 
numbers for drawings which describe the part are related. The publication number is also often related to the part 
number of the device or program described. Figure 2 shows the format used for INTERDATA part numbers. The 
fields are described in the following paragraphs. 

A 

B 
C 
D 
XX YYY MNN FNN RNN E NN 



CATEGORY SEQUENCE MANUFACTURING FUNCTIONAL REVISION SIZE TYPE 

> V .^ I 



r 

VARIATION DRAWING 

Figure 2. Part Number Format 

4. 2. 1 Category Field. The two-digit Category number indicates the broad class or category to which a part 
belongs. Typical examples of category number assignments are: 

01 - Basic Hardware Systems 13 - Panels 

02 - Basic Hardware Expansions 17 - Wire and Cables 

03 - Basic Software Systems 19 - Integrated Circuits 

04 - Basic Software Expansions 20 - Transistors 

05 - Major Application Programs 11 - Peripheral Equipment 

06 - Self-contained Utility Programs 29 - Manuals 

07 - Subroutines of General Utility 34 - Power Supplies 

10 - Spare Parts Packages 35 - Assembled Printed Circuit Boards 

12 - Card File Assemblies 36 - Electro-Mechanical Devices 

4. 2. 2 Sequence Field. The Sequence number identifies a particular item within the category. Sequence num- 
bers are assigned serially, and have no other significance. 

NOTE 

The Sequence Field, like all other 
part number fields, may be length- 
ened as required. The field lengths 
shown on Figure 2 are minimum 
lengths (Insignificant zeros must be 
added to maintain these minimums). 

4.2.3 Manufacturing Variation Field. The optional Manufacturing Variation Field consists of the letter "M" 
followed by two digits. 

NOTE 

A part number must contain a 
Category number and a Sequence 
number. All other fields are 
optional. 

The M Field is used to distinguish between parts which are electrically and mechanically equivalent (interchangeable), 
but which vary in method of manufacture. For example, if leads are welded instead of soldered on an assembly, the 
M Field changes. 



An important exception to the meaning of the M Field exists for categories related to software. Here the M Field num- 
ber, when used, indicates the form in which a particular program is presented. For example, define a program as a 
set of machine instructions. These same identical instructions may be presented on punched cards, paper tape, or 
magnetic tape; and for any of these they could be in symbolic form. Thus, there are many ways to represent the same 
identical program. These ways are identified by the M Field numbers as follows: 

MOl - Symbolic Punched Cards 

M02 - Relative Binary Punched Cards 

M03 - Absolute Binary Punched Cards 

M04 - Symbolic Magnetic Tape 

M05 - Relative Binary Magnetic Tape 

M06 - Absolute Binary Magnetic Tape 

MOT - Symbolic Punched Paper Tape 

M08 - Relative Binary Punched Paper Tape 

M09 - Absolute Binary Punched Paper Tape 

MIO - Bootstrap Binary Object Punched Paper Tape 

Mil - Read-Only-Memory (ROM) Absolute Binary Object Punched Paper Tape 

M12 - ROM Wiring and Test Set (ROMWATS) Wiring Punched Paper Tape 

M13 - ROMWATS Check Punched Paper Tape 

M14 - Eight-bit Paper Tape 

4.2.4 Functional Variation Field. The optional Functional Variation Field consists of the letter 'T" followed 
by two digits. The F Field is used to distinguish between parts which are not necessarily electrically or mechanically 
equivalent, but which are described by the same set of drawings. For example, a power supply may be strapped inter- 
nally to operate on either 110 vac or 220 vac. Except for this strap, all power supplies of this tj^e are identical. The 

functional variation. 

4. 2. 5 Revision Field. The optional Revision Field consists of the letter "R" followed by two digits. The R 
Field is used to indicate minor electrical or mechanical changes to a part which do not change the part's original char- 
acter, R Field changes often reflect improvements. A part with a revision level HIGHER than the one specified will 
work. A part with a revision level LOWER than specified should not be used. 

4. 2. 6 Drawing Field. The optional Drawing Field consists of a letter from "A" to "E" followed by two digits. 
The letter indicates the size of the original drawing. The sizes for each letter are: 

A-8i"Xll" 
B-11"X17" 
C-17"X22" 
D -22"X34" 
E - 34"X44" 



The two digits indicate the drawing type as follows: 

01 - Parts list 

02 - Machine Details 

03 - Assembly Details 

05 - Art Details 

06 - Wire Run list 

08 - Schematic 

09 - Test Specification 

10 - Purchase Specification 

11 - Bill of Material 

12 - Information 



13 - P*rogram Listing 

14 - Abstracts 

15 - Program Description 

16 - Operating Instructions 

17 - Program Design Specification 

18 - Flow Charts 

19 - Product Specification 

20 - Installation Specification 

21 - Maintenance Specification 

22 - Programming Specification 



4.2.7 Examples. The foUowng list provides some examples of the part numbering system. The numbers 
were arbitrari1\ selected, and in most cases are fictitious. 



35-060 



The 60th printed-circuit board assigned a part number under this system. 



35-060M01 A printed circuit board electrically and mechanically interchangeable with the 35-060, but differing in 
method of manufacture, 

36-060F01 A printed-circuit board not electrically and mechanically interchangeable with the 35-060, but described 
by the same set of drawings. 

n5-060P01 A revised 35-060 printed-circuit board. Probably supercedes the 35-060. 

35-060A01 The 85 by 11 inch parts list for a 35-060. 

35-060B08 The 11 by 17 inch schematic for a 35-060. 



06-072 



The 72nd utility program assigned a part number. 



n6-072A13 An 82 b^' H inch listing of the 06-072 program, 

06-072M03 An absolute binary deck of punched cards for the 06-072 program. 

06-072A12 An 82 by 11 inch information drawing on the 06-072 program. Probably a part of the program, 

29-060 The 60th manual assigned a number under this system. Note that this number is not referenced in any 

way to the part number of equipment described in the manual. 

4. 3 Drawing System 

This section describes the drawings provided with IKTERDATA equipment. Note that drawings provided with peripheral 
devices and other purchased items may vary from the system described in this Section. 

A digital system may be divided into a collection of functionally independent circuits such as core memory, Processor, 
and I/O device controllers. These circuits may or may not be saleable units in their own right, but in the electrical 
sense they are essentially self contained and capable of performing their function with minimum dependence on other 
functional circuits in the system. Hence a functional circuit is treated as a building block. Each functional circuit is 
described electrically by a detailed functional schematic. Each schematic contains a variety of Information including 
type and location of discrete integrated circuits (IC's), pin connections, all Interconnections within the schematic con- 
nector pin numbers and connections to other schematics. Further, the schematics are drawn to reflect, in an orderly 
fashion, all logical operations performed by the circuits. Generally, symbols used on schematics conform to 
MIL-STD-806B. 

Registers are named according to the following rules: 

1. The register mnemonic name has a maximum of three letters, excluding "I, O, Q, and Z'. 

2. Each bit in the register is numbered, usually starting at 00 on the left, or most significant position, and 
continuing to N-1 on the right, where N is the number of bits in the register. 

3. The 00 bit is the Most Significant Bit and the N-1 Is the Least Significant Bit. 



The IC's, mounted directly on the logic board, are represented on the schematic drawii^s by logic symbols. Each 
symbol contains the reference designation, device part number (category and sequence), and symbol mnemonic de- 
signation. Refer to Figure 3. 
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Figure 3. Example of a High Speed NAND Gate. 
The designations, numbers, and references shown in Figure 3 are: 

A120 - This indicates the component location on the logic board. Figure 4 illustrates the method generally used 
to determine component location on a logic board. With the logic board oriented so that the header con- 
nectors (Conn and Conn 1) are on the right, the components are numbered from left to right starting 
in the upper left corner. That is, the first IC in the upper left corner is AOl and the first capacitor is 
CI. Test points are lettered bottom to top from A-Y (omitting I, O, L, E). 

19-025- The number 19 is the category number of ICs, and the 025 is the sequence number of the component. 

HA - Indicates this component is a high speed AND gate. Some other common designations used are: 

P - Power Gate 

HP - High Speed Power Gate 

G - Gate 

HG - High Speed Gate 

HGOC - High Speed Gate, Open Collector 

B - Buffer 

HB - High Speed Buffer 

LI - This input lead is from area LI on the same schematic sheet. 
lOMl, 12A2, 18K4 - Indicate outputs to another logic schematic sheet. 
218-0, 117-0, 114-0 - Indicate inputs from Connector 0. 
Note that the pin numbers (01, 02, 04, 05, and 06) correspond directly to the actual IC pin numbers. 

Figure 4 also shows the locations of the header connectors (Conn and Conn 1) and the cable connectors (Conn 2 and 
Conn 3). All logic boards always contain Header Connectors and 1, however, any combination (either, both, or none) 
of cable connectors (Conn 2 and Conn 3) may be provided. 
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Figure 4. Example of a Logic Board Layout 



Figure 5 provides the pin numbering scheme for the header and cable connectors. Header connectors always iiave 
2 rows of pins and 12 positions. Cable connectors always have 2 rows of pins but maj' vary in the number of positions. 
The number of positions may only vary in increments of five positions (10 contacts). For instance, if 24 positions are 
desired, five blocks of five positions each (25 positions) must be used. 
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Figure 5. Connector Pin Numberir^ 

A net is defined as an electrical connection between two or more points in a circuit. Ordinarily, a net has an origin- 
ating end (usually a collector where the signal is generated) and one or more terminating ends. Often it is convenient 
to assign descriptive mnemonic names to nets as a way of identifying them on schematics. Whether a net is named or 
not is sometimes arbitrary. However, a net Is always assigned a name if: 

1. The net is contained on one drawing sheet but is not shown as a complete solid line on that sheet. 

2. Part of the net appears on more than one sheet. 

3. Part of the net connects with a different schematic. 

4. Part of the net leaves a logic board. 

If a net is named, the following rules are observed. 

1 . All mnemonic names are a maximum of six characters. 

2. All decimal digits and upper case letters except the letters "I, O, Q, and Z" are permitted. 

3. No other characters permitted. 

4. Where possible, mnemonics are descriptive. However, it should be recognized that descriptive names are 
not always possible and a danger of misinterpreting a mnemonic exists. 

Mnemonic names are not repeated within a schematic. 



0. 

6. 



Every mnemonic is suffixed by a state indicator. This indicator consists of the digit '1" for the logically 
true state, or the digit "0" for the logically false state. For example, the set side of a flip-flop would 
have the "1" state indicator, while the reset side would have the "0" state indicator. The state indicator 
for a function changes each time that function is inverted. Thus, the state indicator permits assigning the 
same mnemonic to functions that are identical except for an inversion. 

7. When a logical function is inverted, an inversion indicator is added after the state indicator. This allows for 
functionally equivalent, but electrically different nets to have the same mnemonic name. For example, 
assume a signal NAMEl. NAMEl may be inverted to produce NAMED. If NAMEO is then inverted, NAMEIA 
is produced. NAMEl and NAMEIA are functionally equivalent, but physically different nets. 



Sometimes a net fans-out to many sheets in a schematic. It is also possible for a net to fan-out to sheets in different 
schematics. In these situations, the net is assigned a mnemonic name. The net is also "zoned" from sheet to sheet 
to allow for properly identifying the originating and terminating ends of the net. The originating end of a net is defined 
as the collector at which a signal is generated. All other points to which the net connects are called terminating ends. 
When a lead leaves a sheet at the originating end, it is zoned to each and every sheet on which the net reappears, by 
indicatir^ first the page number, followed by the schematic number that contains the page. For example, assume that 
the gate shown on Figure 3 is on a schematic, sheet 20. The output, NAMEO, appears on sheets 10, 12 and 18 of the 
schematic. Note that the schematic number is implied. When a net enters a sheet from another sheet, it is labeled 
with the same mnemonic name, and is zoned back to the originating end of the net only. Thus, on Figure 3, the ENBH 
may, however, have many other terminations in addition to the one shown. Generally then, when a net leaves the sheet 
where it originates, it is zoned to every other sheet where the net terminates, while the terminating end is zoned only 
to the originating sheet. Note that in the Model 70 schematics, signals are co-ordinated between sheets only when the 
sheets are related to the same board. When a signal leaves a board, the Back Panel Map must be used. 

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin. These connector 
pins must be shown on the schematic even if the complete net is shown on one drawing sheet. Only the connector pin 
number need be indicated under the pin symbol, since the connector number itself is implied by the logic board loca- 
tion number in the logic symbol or in the footnote. Thus, on Figure 3, RD061 enters the logic board on Pin 114 of 
Header Connector 0. 

Figure 6 is a typical schematic sheet with call-outs illustrating many of the conventions described in this section. 

The schematic drawings for the basic Digital System and some of the more common expansions are commonly included 
in the rear of the appropriate Digital System Maintenance Manual. Schematic drawings for other expansions are 
included with the expansion or with the publications that describe the expansion. 
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Figure 6. 
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MODEL 70 CHASSIS AND POWER SUPPLY 
EXPANSION INFORMATION SPECIFICATION 



1. INTRODUCTION 

The INTERDATA Model 70 Digital System features a highly modular structure which permits configurations to suit the 
user's exact needs. It provides the means for convenient expansion as the user's requirements grow. This document 

and the interconnecting cables. Integrated circuit boards are discussed with respect to cabling and location only. Cir- 

XV «^«^x. xp^xx^xxxj v^x vxx^^^v. x^^^x«lj vxxN^ [^x.v^.xuv» XXX vxxx^ vxjxf>x v^t^x xvxv^ xxxc*xxxv,^xx^xxw« vx xxx^vx ^wvxvxx xxx^xx ^^. x ^^x x„x 

lowing discussion assumes that the equipment is mounted in standard INTERDATA cabinets. 

2. MECHANICAL COMPONENTS 

This section is intended to familiarize the reader with the mechanical components that are discussed here (i.e. Cabinet 
Uprights, Chassis Support Rails, Filler Panels). Figures 1 through 4 provide the dimensions and mounting configura- 
tions for the Rack, Chassis Support Rails, and Filler/Display Panels. Note in Figure 4, that while 3 1/4", 7", and 10 1/2" 
Filler Panels and the Display Panel mount the same way (via retaining brackets), the smaller 1 3/4" Filler Panel mounts 
with spring clips. 

3. POWER SUPPLY MOUNTING 

The Power Supply mounts in the rear of the cabinet, immediately behind its respective Processor or Expansion Chassis. 
It is attached to the right mounting upright (looking from rear) via two mounting blocks and two nylon spacers. See Fig- 
ures 1 and 5. 

The mounting blocks mount to the upright via three number 10-32 Hex Socket Cap Screws. It may be necessary to drill 
clearance holes in the upright to accept the three number 10-32 screws. 

The power supply may be swung in or out on its mounting pivot (see Figure 6) for easy access to the back plane. 

WARNING 

Before hinging out the power supplies, the 
rack levelling feet should be lowered. Only 
three power supplies can be hinged out at 
one time, after the levellers are in contact 
with the floor surface. 

When the Power supply is in the installed operating position, it is secured by two 10-32 screws which attach to the left 
mounting upright (looking from rear). Care must be taken when installing the two motinting blocks to assure proper 
alignment of the screws. The power supply cable connects to a terminal board (35-382) at the right rear (looking from 
rear) of its respective Processor or Expansion Chassis via faston lugs and a connector for fan A.C. power. There is 
adequate slack provided in the cable to allow the Power Supply to hinge out freely. In order to prevent the cable from 
being pinched between the Power Supply and the Chassis Support Rails, a service loop is required. A maximum of four 
Power Supplies may be mounted in one rack. 
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Figure 1. Basic Cabinet 
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Figure 2. Basic Cabinet Physical Dimensions 
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Figure 3. Chassis Support Rail 
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Figure 4. Typical Mounting Configuration for Display and Filler Panels 
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Figure 6. Power Supply Mounting Pivot 



4. EXPANSION CHASSIS MOUNTING 

Two Expansion Chassis (10 inch and 15 inch) are available for expanding the Model 70 Digital System. The Expansion 
Chassis have the same over-all dimensions as the Processor Chassis. See Section 5 on Configuration. 

The Expansion Chassis slides into the rack on the two Chassis support rails (See Figures 2 and 3) from the front of the 
rack. 

CAUTION 

No chassis should be mounted in cantilever 
fashion. Chassis support rails MUST be 
used. If a rack cabinet other than an 
INTERDATA cabinet is used, consult rack 
manufacturer for proper support rails. 

The chassis support rails are fastened to the mounting uprights at the front and rear of the rack. Slots are provided in 
the rails to allow vertical adjustment. The Expansion Chassis lock in place at the mounting uprights in front of the rack. 
The Expansion Chassis does not fasten in any way to the Chassis support rails. All Expansion Chassis mount below the 
Processor Chassis. Expansion Chassis cabling is discussed later in this document. Figure 7 shows Expansion Chassis 
location with respect to the filler panel and power supply. 
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Figure 7. Expansion Chassis Location 



4.1 15 Inch Expansion Chassis 

The 15 inch Expansion Chassis contains eight universal expansion slots which can accept combinations of memory mod- 
ules, single board peripheral controllers, system modules, selector channels, or user designed interfaces. Included 
with this chassis are the cooling fans and interconnecting cables. The chassis may be ordered with or without a power 
supply. 

4.1.1 7 and 10 Inch Boards in a 15 Inch Chassis. A 10 inch I/O Controller (provided it does not use Connector 1 ) 
may be inserted in a 25 inch chassis via the 02-234 I/O Adapter Kit. (See Figure 8). One or two 7 inch boards (half 
boards) may be inserted into a 15" chassis via the 16-398 Half Board Adapter Kit (see Figure 9). The Half Board Adap- 
ter Kit may hold two active 7" boards or one active and one blank 7" board, depending on requirements. No wiring 
takes place between the boards and the adapters. The adapters are designed such that the connectors on the boards 
plug directly into the Expansion Chassis. 



4.2 10 Inch Exoansion Chassis 



The 10 inch Expansion Chassis contains six 10 inch I/O expansion slots which can accept any combination of up to six 
wire-wrap or copper peripheral controllers, systems modules, or user designed interfaces. Included with the chassis 
are the cooling fan and system interconnecting cables. The Power Supply is separate. Power for this chassis is sup- 
plied by the system power supply. 
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Figure 8. 02-234 I/O Adapter 
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Figure 9. 16-398 Half Board Adapter 

5. CONFIGURATION 

5. 1 System Expansion Chassis 
When configuring a multi-chassis system there are four rules that must be followed: 

1. The system expansion chassis must be mounted below the basic Processor chassis. 

2. All chassis must be contiguous. 

3. All 15 inch system expansion chassis must be mounted above the 10 inch system expansion chase 



4, Multiboard peripheral device controllers (on 10 inch circuit boards) can only be used in the 10 inch 
system expansion chassis. 



5.2 Circuit Board Distribution 

Model 70 Digital System may be configured in a variety of ways. However, the following factors must be considered 
when determining circuit board distribution within the basic Processor and the system expansion chassis. See Figure 10. 

1. The Selector Channel can only be placed in Slot of the Processor Chassis (and Slot 2 if the system 
contains a maximum of 8KB core memory), or Slots 6, 4, 2, or of the system expansion chassis. 

2. All slots below the position where the SELCH Is inserted become SELCH Bus slots. (This only 
applies within the chassis containing the SELCH. ) The SELCH Bus extends down the left side 
connectors (front view). Note that all 7", and 10" with adapter, device controllers connect to 
the Multiplexor Bus from the right side connectors (front view). Therefore, these device con- 
trollers may be inserted in vacant SELCH Bus slots. 

3. The SELCH Bus can be extended by cable to any even numbered slot in an l/O chassis adjacent to 
the chassis containing the SELCH controller. 

4. The Universal Clock module (7" x 15") is always mounted on the right side (front view). 

5. The Memory Protect module (7" x 15") is always mounted on the left side, and is normally mounted 
with the Universal Clock module. 

6. All device addresses are hard-wired on the device controller cards, so that the distribution of I/O 
device controllers in the chassis normally need only be considered as a matter of convenience. 

7. Slots 3, 2, 1, and of the Processor chassis and all slots of the universal expansion chassis are 
prewired with memory module addresses for up to 64KB. It is mandatory that these slots be used 
for memory when, and if, required. 

8. The 15 inch system expansion chassis, and the basic Processor chassis may only be used for single 
board l/O device controllers. For multi-board 10 inch device controllers, use the 10 inch system 
expansion chassis. 

Q "rUr. TiHa^^mn, TDT-^fo^t rrinrlnlo miiaf ho nlnr>pH in thp fir«t available T/O slot. 

NOTE 

The Memory Protect Module must be placed ahead of all other I/O device 
controllers with respect to the device interrupt priority, including the SELCH. 

10. Priority is established by the physical placement within a chassis. After the Memory Protect and 
the Universal Clock modules, priority for interrupt driven devices should normally be established 
in order of descending speed, i. e. , drum higher than magnetic tape, and card reader higher than 
a paper tape reader, etc. 

INTERDATA Configuration Data Sheet B, Figure 10, shows an example of circuit board distribution in the basic Pro- 
cessor and System expansion chassis. 

5. 3 Back Panel Wiring 

Control Line CL050 from the Processor carries the Interrupt Acknowledge (ACK) signal. This line breaks up into a 
series of short lines to form the "daisy-chain" priority system. The ACK signal must pass through every controller 
that is equipped with Interrupt Control circuits. 

Back panel wiring for interrupt control at a given position is: the Received ACK (RACKO) at Pin 122-1 and the Trans- 
mitted ACK (TACKO) at Pin 222-1. The daisy-chain bus is formed by a series of isolated lines which connect Terminal 
222-1 of a given position to Terminal 122-1 of the next position (lower priority). On unequipped positions, a jumper 
shorts 122-1 and 222-1 of the same connector to complete the bus. Back panels are wired with jumpers on all positions. 
Whenever a card chassis position is equipped with a controller, the jumper from 122-1 to 222-1 must be removed from 
the back panel at that position. 

For controllers that occupy several positions, the jumper is removed only at the position where the controller board 
has ATN/ACK circuits. For details on the various devices (i.e. SELCH, Memory Protect Module, etc.), see the ap- 
propriate installation specification. 

5.4 System Configuration 

System, configuration data is provided in the Model 70 User's Manual, Publication Number 29-261. 
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Figure 10. Configuration Data Sheet "B" (Chassis-Front View) 



6. CABLES 



6. 1 Power Cable 



The standard six foot rack is wired for 20 Amp service. On the main power cable (part of the AC Distribution Panel), 
the 20 Amp UL plug has one blade perpendicular to the other. A three wire, grounding, 20 Amp, 125 VAC receptacle 
(Hubbel #5362 or equivalent) is required to accept this plug. 

6. 2 Jumpers 

Drawing 01-051 C12, provided in the Model 70 Maintenance Manual, Publication Number 29-266, provides the various 
jumper part numbers and configurations used between Power Supplies and Expansion Chassis in the Model 70. A de- 
tailed view of the terminal boards at the front and rear of the Expansion Chassis is shown in Figure 11. 
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Figure 11. Terminal Boards 
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MODEL 70 
MAINTENANCE SPECIFICATION 



1. INTRODUCTION 

The INTERDATA Model 70 Digital System is a low cost, general purpose system, versatile enough to perform a wide 
range of industrial control, data processing, and scientific computation. The Model 70 is well suited to the real-time 
scanning of hundreds of instrument readings, process alarms, and pulse trains. It is particularly useful where larger 
amounts of main processor time are needed for computation. 

This specification provides maintenance information for the Model 70 Processor. A block diagram analysis is followed 
by functional descriptions of major processor areas with reference to functional schematics. 

2. BLOCK DIAGRAM ANALYSIS 

Figure 1 is a block diagram of a Model 70 Digital System. Processor operation is controlled by the Read-Only-Mem- 
ory (ROM). The micro-program in the ROM makes the Model 70 appear to have the capabilities of a much larger ma- 
chine Wh'en executing the instructions of the emulated computer, the micro-program directs the hardware to read the 
instruction from core memory. The hardware decodes the user's instruction and steers the micro-program to a micro- 
subroutine that performs the emulated instruction. When the subroutine is finished, the micro-program directs the 
hardware to read the next instruction from core memory, thus closing the loop. 



The micro-program in the ROM consists of combinations of micro-instructions, 
basic machine operation. Table 1 lists the 16 different micro-instructions. 

TABLE 1. MICRO-INSTRUCTIONS 



Each micro -instruction performs a 



INSTRUCTION 


OP-CODE 


DO 


0000 


COMMAND 


0001 


TEST 


0010 


BRANCH 


0011 


LOAD 


0100 


LOAD IMMEDIATE 


0101 


OR 


0110 


OR IMMEDIATE 


0111 


AND 


1000 


AND IMMEDIATE 


1001 


EXCLUSIVE OR 


1010 


EXCLUSIVE OR IMMEDIATE 


1011 


ADD 


1100 


ADD IMMEDIATE 


1101 


SUBTRACT 


1110 


SUBTRACT IMMEDIATE 


nil 



The Read-Only-Memory (ROM) is a high speed, solid state, non-destructive memory used to contain the micro-program. 
The Model 70 micro-program occupies 1536 words of ROM. Space is provided for an additional 512 words. Micro- 
instruction cycle time is approximately 250 nanoseconds. 



The ROM location of a micro-instruction is defined by the 12-bit address contained in the ROM Address Slave Register 
(RAS) and the ROM Address Lower Register (RAL). RAL is an eight-bit micro-instruction location counter. It is 
loaded from the S Bus during a Branch Micro-instruction, or when specified as a Destination Register. RAL incre- 
ments, by one, between the execution of all other micro-instructions so that it holds the address of the next micro-in- 
struction to be executed. RAS is a four-bit register that holds the ROM page number. It is loaded from the ROM Ad- 
dress Higher Register (RAH) whenever RAL is loaded from the S Bus. Neither the RAS nor the RAH is involved when 
the RAL is incremented. 

To transfer from one page (256 ROM words) to another, the destination page number is first loaded into RAH from the 
S Bus. When the location address is loaded into RAL, RAS is loaded from RAH. This insures that all 12-bits of the 
new ROM address are sensed simultaneously. 

The ROM Address Registers may also be loaded from the Decoder Read-Only-Memory (DROM). All 12-bits are loaded 
in parallel from the DROM read-out. RAH and RAS are loaded with the same page number. 

Every micro-instruction read from ROM is placed in the ROM Data Register (RD) where it remains until the micro-in- 
struction is executed and the next micro-instruction is read out. The output from the RD is input to the Processor con- 
trol logic. 

The control logic decodes the micro-instruction and activates the gating leads to the Arithmetic Logic Unit (ALU). The 
Source and Destination addresses are decoded, and the signals to unload registers to the B Bus and load registers from 
the S Bus are generated. Core memory activity and Input/Output operations are initiated in the control logic as well as 
the signals directing the clock system and initialize circuits. 

The OP field (RD 0:3) is decoded as the operation code of the micro-instruction being executed. RD Bit-3 defines Im- 
mediate instructions. An Immediate instruction is one that has the data to be manipulated appended to the micro-in- 
struction word itself. During the execution of an Immediate instruction or a Branch instruction RD Bits 8:15 are gated 
onto B Bus Bits 8:15, and treated as data. 

The D Field (RD 4:7) specifies the destination of the micro-instruction result formed in the ALU, The result is placed 
on the S Bus by the ALU and then gated to the Destination Register specified by the D field. 

The S field (RD 8:11) specifies the register to be gated to the B Bus. The selected register is the source of one oper- 
and to participate in arithmetic or logical operations. The other operand is in the A Register (AR). 

rr-l. . l-i tr-.^Ji /-nr^ tn.1U\ S~ ~^ ^ ^ J ~J J^«^ <^«^^n4.J»« ,,^^Jiti^-^ H^V^n 4?Ja1<J ^•m%^-rri ^ ^r^ n^-^l-wt^l ^fflr^^ n^4-i».^n r^l^if4-e^ n-n 
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I/O operations. 

The Instruction Register (IR) is a 16-bit register used to hold the user instruction currently being executed. The OP 
field of IR (IR 0:7) holds the user's operation code. The meaning of the remaining bits depends on the type of instruction. 
Generally the following applies. The YD field (IR 8:11) specifies the Destination Register of the user's result. The S 
Bus data is gated into the General Register specified by this field. The YD field can also specify a Condition Code (CC) 
to match in the case of a user Branch instruction. The YS field (IR 12:15) selects the General Register to be gated to 
the B Bus as an operand. The IR is automatically loaded directly from core memory during the instruction fetch phase. 
The IR may also be loaded from the S Bus when specified as the destination in a micro-instruction. A piwvision is made 
to unload the entire IR to the B Bus or just the YD field (IR 8:11). The YD field (IR 8:11) is ANDed with the Condition 
Code field of PSW to assist the emulation of user's Branch instructions (MSK). 

The outputs of the Instruction Register are input to Control. The user's instruction is interpreted and, through the De- 
coder Read-Only-Memory (DROM), the micro-program is steered to the subroutine designed to execute the user's in- 
struction. The resultit^ 12-bit read-out is jammed into RAH/RAS and RAL, 

The Flag Register (FLR) is a four-bit register containing the foUowii^ flags: Carry (C), Overflow (V), Greater than 
zero (G), and Less than zero (L). These flags are modified at the conclusion of arithmetic and logical micro-operations 
to reflect the result of the operation. The FLR is tested by the Branch Micro-instruction. The FLR can be loaded from 
S Bus Bits 12:15 and unloaded to the Condition Code field of PSW. 

The Program Status Word (PSW) is a 16-bit register used to define the system status relative to the user program being 
executed. Bits 0:11, the Status field, may be loaded from S Bus Bits 0:11. Some of the status bits have hardware sig- 
nificance, while others are of significance only to the emulator. Bits 12:15, the Condition Code field (CC), may be 
loaded from the micro Flag Register (FLR). When PSW is loaded from the S Bus, Bits 12:15 of the S Bus are captured 
in the FLR. PSW (12:15) remains unchanged. 

The Alarm Register (ALRM) is a three-bit register containing the following flags: Parity Fail on Data Read (PFD), 
Parity Fail on Instruction Read (PFI), and Early Power Fait detect (EPF), The alarm bits can also be loaded into the 
Condition Code field of PSW. 

The micro-register stack contains three general purpose registers (MRO, MRl, and MR2) and one special purpose re- 
gister, the Location Counter (LOC). The Location Counter (LOC) is a 16-bit .appendum to PSW holding the memory ad- 
dress of the next user instruction to be emulated. 




Figure 1. Model 70 Digital System 



The user's register stack consists of 16 general purpose registers (GEO through GR15). These registers are each 16- 
blts long and may be addressed only from the YD and YS fields of the IR. The micro-program accesses the General Re- 
gister by specifying the field of IR - YD or YS - that contains the desired register address. 

The Shift Registers High and Low (SRH and SRL) are two 16-bit general purpose micro-registers that can also be used 
in combination as a 32-bit shift register. The extended shift capability is used in multiply, divide, and other double 
precision operations. 

The Arithmetic Logic Unit (ALU) performs the arithmetic or logical operation specified by RD. The operation executed 
is determined by the control lines activated when the control logic decodes the micro-instruction. 

The B Bus, through the Shifter, provides one operand to the ALU. The Shifter performs Shift Left, Shift Right, Cross 
Shift, or direct gating of the B Bus data. The other operand is taken from the A Register (AR). The AR is a 16-bit re- 
gister that can be loaded from the S Bus and input to the ALU as the second operand, if needed by the instruction being 
executed. The output from the ALU is the 16-bit S Bus. 

The Counter (CTR) is a five-bit decrementing register used on multiply, divide, and repeat operations, and on the 
Branch on Counter Micro-instruction. The Counter is initialized to a count of 16; however, it may be pre-loaded with 
any value from to 31 from the S Bus Bits 11:15. 

The core memory is the source of user instructions and data constants. It contains 4K to 32K 16-bit locations. Mem- 
ory operations are initiated by the control logic during a DO or Command Micro-instruction or by Direct Memory Ac- 
cess devices. For Processor initiated memory operations, the location selected in core memory is designated by the 
16-bit Memory Address Slave Register (MAS). MAS is updated from the 16-bit outer-rank Memory Address Register 
(MAR) whenever a memory operation is not in progress. MAR may be loaded from the S Bus at any time and unloaded 
to the B Bus. Whenever the Location Counter (LOG) is loaded from the S Bus, MAR is also loaded with the same data. 
The 16-bits read-out or written into the addressed memory location are buffered in the Memory Data Register (MDR). 
MDR is separated into two eight-bit halves which may be loaded simultaneously or individually from the S Bus. 

The memory timing signals are generated in the Processor. The Processor also resolves memory usage conflicts, 
handling external and internal requests for memory access. If the Processor attempts to unload MDR when memory 
data is not yet available, or load the MDR, or Initiate another memory cycle when memory is still busy from the pre- 
vious access, the Processor waits until memory data is available or the currect access is completed. Non-memory 
oriented operations may be interleaved with memory operations for maximum efficiency. 

The Processor controls the multiplexed I/O Bus by directing device controllers to load data onto the D Bus or to ac- 
cept data from the D Bus. The D Bus is a 16-bit bi-directional bus that can receive data from the S Bus or present 
data to the B Bus. The nature of the data on the D Bus is determined by the particular control line that has been ac- 
tivated. 

The device controllers for the Control Console and the ASR 33 or 35 Teletype are built into the Model 70 Processor. 

3. FUNCTIONAL DESCRIPTIONS 

This section describes the major functional areas of the Processor. The descriptions reference both simplified draw- 
ings provided in this section, and the Processor Functional Schematic, 01-051D08. 

3. 1 Clock Control 

The clock generator is shown on Sheet 19 and is located on the 35-390 I/O mother-board. The clock system employs a 
free-running 16MHz oscillator. The sinusiodal oscillator output (19C6) is ORed with the normally high External Clock 
(EXTCLK0)(19E6) producing OSCl (19C7). The EXTCLKO lead is provided so that an external clock may be used to run 
the system during troubleshooting. This is accomplished by grounding the CLKOFFO lead to Pin 133-1 on the back 
panel to disable the internal oscillator, and then pulsing the EXTCLKO lead. The external oscillator used should meet 
the following specifications: 

1. Logic levels to +0. 45VDC for logic Zero. 

+2. 6 to +5 VDC for logic One. 

2. Square wave output, frequency up to 16 MHz. 

3. Output drive = 7 milliamperes. 



The Oscillator output (OSCl) is connected to the T input of the GO flip-flop (19C8), The K input to the GO flip-flop is 
tied to CLKSTPl (19C5). When the system is initialized, CLKSTPl goes high. The GO flip-flop toggles reset and 
SYSCLl (19G5) is inhibited until the initialize sequence is terminated. At this time, CLKSTPl goes low and shortly 
thereafter CLKSTPO on the J input goes high. The GO flip-flop sets on the next negative going transition of OSCl, en- 
abling SYSCLl, 

The oscillator is adjustable (via the variable Capacitor, C9) over the range of 50 to 110 nanoseconds. The oscillator is 
nominally adjusted for a period of 62. 5 nanoseconds, and may be monitored at Test Point E during troubleshooting. 

The negative going transitions of SYSCLl step the two-stage clock counter, TFA and TFB (19G7, 8). The system clocks 
are oroduced by decoding particular states of the clock counter. The system clocks occur every 250 nanoseconds and 
have a fixed pulse width of 62. 5 nanoseconds, the period of SYSCLl. Figure 2 shows the clock sequencing. 
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Figure 2. Clock Sequence 

The initialize state of the clock counter is TFA and TFB set. This state is not decoded and no clocks are active. On the 
next negative transition.of SYSCLl, TFA resets. This state (TFA reset, TFB set) is decoded to produce T21 and T21NS1 
(19K9). T21 Is inhibited (skipped) when the signal STPAO (19J5) Is low; T21NS1 Is never skipped. T21 and T21NS1 occur 
in the middle of a machine cycle. These clocks are used when multiple operations have to be completed within one ma- 
chine cycle. On the next negative transition of SYSCLl, TFB resets. This state (TFA reset, TFB reset) is not decoded 
and no clocks are active. On the next negative transition of SYSCLl, TFA sets. This state (TFA set, TFB reset) is de- 
coded to produce RDSTBO, RCLO, DCLO, and SCLO. 



ROM Data Strobe (RDSTBO) (19L9) is used to strobe data from the ROM Into RD. 
the following signals are active: STPAO, DSTO, STOPO, STPCO, or LRALO, 



RDSTBO is skipped whenever any of 



ROM Clock (RCL0)(19L9) is used to load the ROM address registers and Increment RAL. 
any of the following signals are active: STPAO, DSTO, STOPO, or STPCO, 



RCLO is skipped whenever 



Destination Clock (DCL0)(19M9) is used primarily to gate data into the Processor registers, 
any of the following signals are active: STPAO, DSTO, LRALO, or KILDSTO, 



DCLO is skipped whenever 



System Clock (SCL0)(19J9) is an uninhibited clock. The basic machine cycle is defined as the interval between the 
trailir^ edges of two consecutive System Clocks (SCLO), 



After SCLO, the clock counter returns to the initial state, TFA and TFB set. 



It is necessary to prevent the generation of certain timing functions at specific times. To achieve this, a hierarchy of 
clock inhibits is implemented. This network of clock stops can be divided into three categories: 

1. Initialize - All clocks are stopped. 

2. Asynchronous to synchronous timing conflicts - This category includes memory oriented operations and In- 
put/Output operations. 

3. Extended cycle operations - This category includes Branches and Loads to the RAL which require an extra 
clock period to allow the new EOM address to be accessed; the Commands Multiply, Divide, and Repeat, and 
the user instruction access activities carried on in a DO Micro-instruction. 

When a memory oriented operation is attempted and memory is not ready, STPAO goes low, disabling RDSTBO, RCLO, 
DCLO, and T21. 

STPAO is generated at 4K4 and is located on the 35-388 ROM mother-board. If an attempt is made to unload the MDE 
(UMDR1)(18C4) when memory data is not available (FMDUA1)(30J4), STPAO goes low, stopping the Processor until 
memory data is available. If an attempt is made to load the MDR (LMDR1)(8F8) when the Memory Data Register is 
being used for the re-write cycle of memory (FMDBY0)(30R4), STPAO goes low until the memory has finished with the 
MDR. If an attempt is made to start memory while memory is busy (FPMBY1)(30S8), MSSTO (4K2) goes low, gener- 
ating STPAO to stop the Processor until memory becomes un-busy. Note that MSSTO is not active if the Processor is 
in Phase Zero (P00)(4L1). 

When an I/O Load Micro-instruction is performed, DSTO (4A4) goes low, disabling RDSTBO, RCLO, and DCLO, DSTO 
is generated at 4A4 and is located on the ROM mother-board. 

The DST flip-flop (4A4) toggles set on the trailing edge of the first T21 in the Load Micro-instruction (GIOl true), pro- 
ducing DSTO. The DST flip-flop remains set until a Sync is returned from the device (SYNCH!) (4E3) or a false Sync 
time-out is generated. An I/O Load Micro-instruction takes a minimum of two system clocks. 

The Skip flip-flop (18J8) provides the capability of skipping one clock period while performing a Branch or Load RAL 
Micro -instruction. The J input to the Skip flip-flop is normally low and goes high when clock cycles are to be skipped. 
The J input is fed by two NAND gates whose outputs are tied together. During a Branch instruction, if the branch is to 
be taken, GOBRAO (18H8) is low, forcing both NAND gate outputs high. During a Load RAL instruction, LDIO (18F9) 
is low, forcing one NAND gate output hi^ (18J7). On a DO Micro-instruction, if the I'rocessor is in Phase Zero of a 
non-RR instruction, SSKIPO (18K6) is low, forcing the outputs from both NAND gates high. SSKIPO is generated at 9B8. 
The high present on the J input to the Skip flip-flop is ANDed with its reset output (18K9) and SSKIPO to produce LRALO 
(18K9). (LRALO is not active if Skip is being used by the Phase Zero DO. ) 

LRALO inhibits RDSTBO and DCLO (19L5) for one clock interval, until the Skip flip-flop todies set. Note that RCLO has 
not been inhibited. The S Bus data is toggled into the RAL on the trailing edge of RCLO. At the same time, the Skip 
flip-flop toggles set and LRALO goes false. RDSTBO and DCLO are re-enabled. On the next system clock, the Skip flip- 
flop will toggle reset because of LDIO or GOBRAO. If Skip is being used by the Phase Zero DO, KSKIPO (18J5) goes low 
when memory becomes un-busy. KSKIPO is generated at 9F9, The DO Micro-instruction will be described later. 

Referring again to Sheet 19, STOPO (19L5) is active during Phase Zero of a DO Micro-instruction. STOPO low inhibits 
RDSTBO and RCLO. 

STOPO is generated at 9B4. STOPO is low, if the micro-program is executing a DO Micro-instruction with phase 
change specified PRD081) and is currently in Phase Two or Three (PCOl) with no interrupts pending (DTESTO), or if 
in Phase Zero (POIA) and memory data is not yet available (FMDUAl), or if in Phase Zero (POIA) of a non-RR user 
instruction (RRO) and memory is still busy (FPMBYl). STOPO prevents the strobing of a new ROM word (RDSTBO false) 
or the incrementing of the RAL (RCLO false) until the Processor is ready to leave Phase Zero. 

The KILDSTO signal (19M5) is active if a Command Repeat is attempted when the Counter Register is equal to zero. 
KILDSTO stops DCLO so that no Destination Register is loaded and the FLR is not chained. The attempted instruction 
is effectively skipped. KILDSTO is also low during a Phase Two Abort. See 3. 9.2. 

The STPCO signal (19L5) is active during the Commands Multiply, Divide, and Repeat until the Counter Register decre- 
ments to one or zero. STPCO inhibits RCLO and RDSTBO so that the same micro -instruction remains in RD for as many 
machine cycles as required to complete it. 



3.2 Initialize Control 

The Initialize Control logic is shown on Sheet 19. This logic provides an orderly system shutdown when Initialize occurs. 
The following actions take place on Initialization: 

1. Stop clocks 

2. Preset Clock Counter (TFA, TFB) 

3. Clear RAH, RAS, RAL 

4. Clear RD 

5. Clear FLR 

6. Clear ALRM 

7. Preset CNTR to 16 

8. Set Phase Counter to Phase Three 

9. Clear BANK and UTILITY flip-flops 

10. Clear RUN, CMODE, and RPT flip-flops 

11. Reset I/O Control (DST, LINE) 

12. Reset Memory Control 

13. Provide reset signal to Multiplexor Bus. 

The system is initialized as a result of one of the following conditions: 

1. Command Power Down (POW) 

2. AC input (with optional power fail detector) falls below minimum operating level. 

The master reset signal (SCLR0)(19N1) is active when the Initialize Relay Kl (19M2) is de-energized. This happens 
when the POWDNO signal (19F1) is active. During normal operating conditions, POWDNO is high, allowing the Dar- 
lington circuit to conduct (Q5 and Q6). As long as the Darlington circuit conducts, the Initialize Relay Kl remains 
energized. 

POWDNO goes low if the STPSYS flip-flop sets (19J4), or if one of the voltages; +5 volts, +15 volts, -15 volts, or the 
AC input is lost. 

The STPSYS flip-flop (19J4) is direct set if a Command Power Down (POW) is executed, or it toggles set one milli- 
second after Primary Power Fail (PPF) is detected. PPFO (19H5) is true one millisecond after the key-operated power 
switch is turned off (POFF0)(19A4), "if the Control Console Initialize switch is depressed (INIT0)(19A4), or if the op- 
tional Primary Power Fail Detector determines that the AC voltage is too low (PFDT0)(19C3). 

If one of the three above mentioned items occur, the one millisecond delay at 19G2 is set. The negative transition of 
the zero (0) side toggles the Early Power Fail flip-flop set (EPF)(17S7). If PSW02 Is set. Alarm Register Bit-15 sets, 
generating a Machine Malfunction Interrupt (MALFl). As soon as ALRM15 flip-flop sets, the EPF flip-flop is cleared. 
The Processor tests for MALF between the execution of each user instruction. In response to the Machine Malfunction 
Interrupt, the user has an opportunity to do any necessary system resetting. 

After the initial one millisecond delay, the negative transition of the one (1) side of the EPF delay toggles the Primary 
Power Fall flip-flop set (PPF)(19J3). This starts the other one millisecond delay at 19G4. If this delay times out be- 
fore the micro-program executes a Command Power Down, the STPSYS flip-flop toggles set (19J4). The Processor 
tests for PPF between the execution of each user instruction. When PPF is detected, the micro-program stores the 
PSW, LOG, and General Registers in core and executes a Command Power Down (POW), setting the STPSYS flip-flop 
and clearing the second one-mfllisecond delay. When STPSYSl goes high, the POWDNO lead goes low, de-energizing 
the Initialize Relay Kl. STPSYSO active causes CLKSTPl (19N5) to go high. The GO flip-flop todies reset (19D9), 
stopping the system clocks. 



The second instance when POWDNO goes low is when one of the voltages is lost. If the N15 {-15VDC) supply voltage is 
lost (19J1), the output from the NAND gate at 19J1 goes low. If the P15 (+15VDC) supply voltage is lost (19D1), the 
POWDNO lead becomes effectively open as Transistor Q4 is normally off. If the P5 (+5VDC) is lost, the collector sup- 
ply for the Darlington circuit is removed (19L2), causing the Initialize Relay Kl to de-energize. If the AC input is lost, 
the POWDNO lead is also forced low. The AC input is sampled from the secondary of a 12VAC transformer and recti- 
fied. The pulsating DC voltage is applied to Potentiometer E60 (19B1). The potential selected by the potentiometer is 
applied to the optional Power Fail Detector. 

Initially, Transistors Q2, Q3, and Q4 are off and Transistor Ql is conducting. With Transistor Ql conducting, a high 
enough potential on the base of Q4 keeps Q4 cut off, and applies about +6 volts to the emitter of Q2. The potential from 
Potentiometer R60 (approximately 8 volts) is felt on the base of Q2. If the AC input is lost, or fluctuates enough, the 
potential on the base of Q2 becomes more negative and Q2 conducts. 

When Q2 conducts, it places a positive potential on the base of Q3, turning Q3 on. This causes the potential on the emit- 
ter of Ql (by way of Q2) to become less positive, turnii^ Ql off. When Q3 conducts, its collector goes to ground, gen- 
erating the low signal, PFDTO (19D3). 

When Transistor Ql turns off, the positive potential is removed from the base of Q4. Transistor Q4 conducts, grounding 
the POWDNO lead, turning the Darlington circuit off, and de-energizing the Initialize Relay Kl. (The Initialize Relay Kl, 
which is a dry reed relay with Single Pole Double Throw contacts, is shown de-energized. ) When the relay de-energizes, 
the SCLEO contact is grounded. This metallic ground is distributed to the memory and I/O boards for initialize control. 
SCLRO also holds CLKSTPl active, keeping the clocks off. 

SCLRO is inverted through the gate at 19N2. The output SCLRIA rises to +5 volts and generates SCLROA (19H5) and 
SCLROB (19R5) for use on the l/O board. SCLRIA (19R1) is also distributed on the back panel for use by the other Pro- 
cessor boards. 

SCLROA holds CLKSTPl active and also clears the STPSYS flip-flop. Resetting the STPSYS flip-flop removes the 
ground from the POWDNO line. The two 33mfd capacitors (CI and C2) charge slowly (19K3). When the threshold of the 
input Transistor Q5 of the Darlington circuit is reached, the circuit conducts and the Initialize Relay Kl is energized. 

The SCLRO contact opens and SCLRIA goes to ground. SCLROB goes high, removir^ the direct set signal on the Timer 
flip-flops (TFA and TFB) and the direct clear signal on the GO flip-flop. SCLROA goes high allowing CLKSTPl and the 
K input to the GO flip-flop to go low. The J input (CLKSTPO) is delayed by the 2.2nifd capacitor (19R5) to ensure that 
the clocks do not start until all initialize activity is completed. 

In the case where Initialize is caused by a failure of P5, N15, P15, or the AC supply, the Initialize Relay Kl de-ener- 
gizes and remains in that state until the fault is corrected. 

3. 3 Read-Only-Memoiy 

The Read-Only-Memory (ROM) is a high-speed, solid-state, non-destructive memory used to hold the micro-program. 
The ROM is organized into pages of 256 16-bit words. Each page of ROM contains four integrated circuit (IC) pack- 
ages arranged such that each integrated circuit holds four-bits of every word on the associated page. 

The Model 70 micro-program is complete in six ROM pages, 24 ROM integrated circuits. Three additional ROM inte- 
grated circuits comprise the Decoder ROM (DROM). Space is provided on the ROM mother-board for an additional two 
pages of ROM. 

Each ROM Integrated circuit has two enable leads. Both enables have to be low before a read-out is obtained. If the 
enables are false, the four data output leads are high. Address decoding is done internal to the IC. 

3.3.1 ROM Address Lower (RAL). The ROM Address Lower Register (RAL) is an eight-bit register that selects 
one of 256 addresses In a Read-Only-Memory page. RAL is shown of sheet 5. 

During the performance of the major portion of the micro -program, micro-instructions are selected from successive 
locations in the ROM. RAL is consequentially designed as a standard up-counter. The RAL is Incremented as each 
new micro-instruction is read from ROM. During a Branch Micro-instruction with the specified condition true, or if 
the RAL is specified as the Destination Register, the RAL increment signal Is disabled and the new address is loaded 
from the S Bus. 



RAL is direct cleared by System Clear (SCLR0)(5A1) when the system is initialized, or conditionally on a DO Micro- 
instruction by RACLEO (5A1). The ROM Clock (ECL0)(5K1) is used to increment RAL or to gate the S Bus data into 
the RAL. If a Branch or a Load RAL instruction is performed, LRALO (5R2) is low and LRALl (5N4) is high. LRALl 
is NANDed with each bit of the S Bus (8:15) to set up the J and K inputs to each RAL flip-flop. LRALO low causes the 
two 19-040 four-bit carry networks to pass RCLl to the todies of RAL 09 through 14. RCLl is always present on 
RAL15 and is gated to RAL08 by LRALl, On the trailing edge of RCLO, the S Bus data is copied into RAL. 

\\nben the Processor is not executing a Branch or a Load RAL, LRALO is high and LRALl is low. LRALl low causes 
both the J and K inputs to each RAL "ip-fiop to be high. If a flip-flop receives a toggle, it will complement. A flip- 
flop is given a toggle pulse if all previous flip-flops are set. RAL15 will complement on the trailing edge of every RCLO. 
The 19-040 four-bit carry network (A66)(5R7) toggles RAL14 if RAL15 is set, RAL13 toggles if RAL14 and RAL15 are 
both set, etc. The signal PFO, low if RAL 12 through 15 are set, enables the second 19-040 four-bit carry network 
(A47)(5M7) which supplies the toggles for RAL09, RALIO, and RALll, The toggle for RAL08 is generated separately 
if the PFO lead from the 19-040 four-bit carrj- network (A47)(5M7) is low, indicating that RAL09 through 15 are all set. 

When the DO Micro-instruction generates a new ROM address, the ROM Address Registers are first cleared, then the 
new address is loaded. The DO instruction generates RACLRO (9B9), a 30 nanosecond pulse occurring during T2. 
RACLRC clears RAH, RAS, and RAL. During the same T2, a 60 nanosecond pulse is applied to the direct set input 
of the appropriate ROM Address Register bits. The set pulse remains active for a short time after the clear pulse 
has passed. 

3.3.2 ROM Address Higher (RAH). The ROM Address Higher Register (RAH) is shown on Sheet 5, RAH is a 
four-bit extension of the RAL which increases the ROM addressing capability to 4096 locations. RAH is independent of 
the RAL from both the programming and hardware viewpoint. When RAL is incremented from its highest value (hexa- 
decimal 'FF'), it recycles to zero, but no carry is propagated into RAH, Consequently, the RAH must be loaded inde- 
pendently each time a Branch or Load RAL selects a different page, 

A new page address is loaded into RAH at the trailing edge of RCLO when the RAH is specified as the Destination Regis- 
ter (LRAHO low)(5Kl), RAH is cleared by SCLRO (5A1) on Initialize or by RACLRO on a DO Micro-instruction, Both 
the RAH and RAS receive the same page number when the DO instruction generates a new ROM address. 

3.3.3 ROM Address Slave (RAS). The ROM Address Slave Register (RAS) is slaved to the four-bit RAH. The 
outputs from RAS select the page of ROM to be accessed. 

The contents of RAH are loaded into RAS every time RAL is loaded from the S Bus. This allows the proper page number 
to be established in RAH in advance of a Branch or Load RAL. 

The RAS is cleared by SCLRO on Initialize or by the RACLRO signal on a DO Instruction. Note that RAH04 and RAS04 
are cleared separately from the remaining bits of RAH, RAS, and RAL. Bit-4 of RAH and RAS is unconditionally held 
clear when PSW Bit-7 is reset. The only time that ROM Pages 8 and above can be specified is when PSW Bit-7 is set. 
Since Pages 8 and above physically do not exist, the illegal condition will be forced upon access. The connection be- 
tween ROM address Bit-4 and PSW07 will be explained later in Section 3, 4, 

3.3.4 ROM Addressing Logic, Pages through 3 of the ROM are shown on Sheet 6 and Pages 4 through 7 are 
shown on Sheet 7, One enable lead to the 16 ROM integrated circuits on Sheet 6 is RAH051. If RAH specifies Page 0, 
1, 2, or 3, RAH051 is low, enabling the 16 devices on Sheet 6. If RAH specifies Page 4, 5, or 7, RAH050 is low, en- 
abling the 16 devices on Sheet 7, One ROM page (four devices) out of the four pages enabled by RAH05 is selected by 
decoding RAH06 and RAH07. The signal ENOOO is low if Page or 4 is selected. ENOIO is low if Page 1 or 5 is se- 
lected. Page 2 or 6 selected causes ENIOO to go low. Page 3 or 7 causes ENllO to go low. The combination of an 
ENXXO lead and RAH05X causes 4 ROM integrated circuits, out of 32 possible, to be enabled. The enabled devices 
each gate four-bits of data onto the high active SRDXXl leads. 

The address decoding of a word within a page is done internal to the ROM integrated circuits. The address selected is 
specified in RAL. Page 0, 1, 2, and 3 devices are addressed by the one (1) side of the RAL flip-flops and Page 4, 5, 6, 
and 7 devices are addressed by the zero (0) side of the RAL flip-flops. This is done for fan-out reasons. 

The SRDXXl leads are tied to the J inputs of the ROM Data Register (RD) flip-flops and inverted onto the K inputs 
(Sheet 8), At clock time, the ROM data is toggled into RD, 



3, 3. 5 ROM Data Register (BD) . The ROM Data Register (RD) is a 16-bit register shown on Sheet 8, The RD 
can be thought of as the micro instruction register. Each bit of the RD has a single-rail input from the ROM array. Each 
micro-instruction read from ROM is clocked into RD, where it remains while the instruction is executed. 

Bits 0:3 of RD hold the Op-Code of the micro-instruction being executed. If the instruction is not a command, RD Bit-3 
set means the instruction is Immediate. The data to be used as the first operand is contained in Bits 8 through 15 of the 
instruction. During an Immediate instruction, RD 8:15 are gated onto the B Bus Bits 8:15. 

Bits 4:7 of RD are decoded as the Destination Register address for all micro -instructions except DO, Command, Test, 
and Branch. This identifies the register that will contain the result upon completion of the micro-instruction. If the 
micro-instruction is a DO, Command, or Test, Bits 4:15 of RD are the function code. If the instruction is a Branch, 
RD 4:7 defines the condition that the Processor will branch on. 

Bits 8:11 of RD are decoded as the Source Register address for micro-instructions in the Register-to-Register format. 
The Source Register contains the first operand for the micro -operation. 

Bits 12:15 of RD make up the Extended operation field for Register-to-Register Micro-instructions. The Extended 
field controls shifting, flags, I/O operations, or whether to enable the A Register input to the ALU. 

The RD is cleared by SCLRO on Initialize or when a Privileged instruction is addressed and the Processor has PSW 
Bit- 7 enabled. 

3.4 Decoder Read-Only-Memory 

The Decoder Read-Only-Memory (DROM) consists of the three ROM integrated circuits shown on Sheet 4. Each IC 
contains 256 four-bit words. The Read-Only-Memories are addressed in parallel by Bits 0:7 from the Instruction Re- 
gister (IR). The high active DROM read-out is gated onto the SRAXXO leads by the GDROMO signal (4A5) that occurs 
at T21 before the Processor enters Phase Two. The ROM Address Registers are direct cleared prior to or at the same 
T21. The DROM data is the starting address in ROM of a Phase Two micro-subroutine. 

DROM read-out Bit-4 is active only on the privileged user instructions. A Privileged instruction may only be executed 
if PSW Bit-7 is reset. PSW071 (5A1) on the DC clear input to RAH04 (5C3) keeps RAH04 from setting if PSW07 is reset. 
If PSW07 is set, RAH04 is allowed to set from the DROM output. If a Privileged instruction is in the ER, RAH04 sets 
and the illegal address condition exists. The gates at 8A2 will cause the RD to clear on the next RDSTBO and the illegal 
condition will occur. Privileged instructions that are attempted when PSW07 is set, are treated as illegal. 

3. 5 Processor Registers 

The Processor executes micro-instructions received from the ROM. The majority of micro-Instructions move data 
from one register to another and modify it in the ALU. Most of the Processor registers are 16-bit registers. Some 
of these registers perform special functions, but the majority are general purpose. Data is transferred between re- 
gisters and other system elements by way of the 16-bit B and S Buses in the Processor, Each register is described in 
the following paragraphs. 

3. 5. 1 Flag Register (TLR). The Flag Register (FLR)(Sheet 17) is a four-bit register located on the 35-390 I/O 
mother-board. The FLR is direct cleared by the SCLROA signal {17D5). The FLR is loaded from the S bus when the 
FLR (address '4') or the PSW (address '2') is specified as the destination. Destination address '4' causes LFLRO (17S1) 
to be active. Destination address '2' causes LPSWl to be active (17S1). LFLRO is generated on the 35-388 ROM 
mother-board at 8D9. LPSWl is inverted and NANDed with LFLRO, producing LDFLRl (17K2). LDFLRl is NANDed 
with S Bus Bits 12 through 15. If any bit of the S Bus is true, SFLRXXO on the K input to the corresponding bit in the 
FLR goes low and the J input goes high, allowing the corresponding flip-flop to toggle set on the trailing edge of the next 
Destination Clock (DCL0)(17A1). If the S Bus bit is false, the K input is high and the J input is low, and the flip-flop 
toggles reset. 

Since the FLR is used to hold flags indicative of the result of micro- instructions, there are instances when individual 
bits will be chained independently. To facilitate this, different toggle leads axe developed for the different bits. 

LDFLRO is invertedand ANDed with the CLRO signal (17R1) producing LDCLRO (17M4). CLRO is active, when specified, 
during a DO Micro-instruction. CLRO is generated on the ROM board at 9N4. If the Processor is executing a DO Micro- 
instruction, Dl is high (8D5). If the Processor is not in Phase Zero (POO) and no memory clock stop is in effect (MSSTO), 
CLRO is allowed to go low. MSSTO assures that CLRO only occurs during the last clock interval of a DO Micro-instruc- 
tion. CLRO is forced low when the new phase is to be Phase Three (GTP30), LDCLRO allows all the FLR bits to change. 

The toggle lead for FLR Bits 14 and 15 is developed by the two NAND gates collector AND tied at 17R4. The input to 
one gate is the Destination Clock (DCLO) and one input to the other gate is LDCLRO. The toggle for Bits 12 and 13 is 
the ungated DCLl. The gating for these bits is done individually on the J and K inputs. 
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FLK Bit-12 is used as the Carry Save flip-flop (C)(17E5). FLR12 is set or reset to reflect whether or not a carry or 
borrow resulted from an Add or Subtract Micro-instruction, or to reflect the state of the bit shifted out during a Load 
Micro-instruction. FLR12 is allowed to change state when LDCLRO, SVSCO, or SVACO is active. If none of the gating 
leads are active, the J and K inputs are held at ground. 

SVSCO is generated in two places with an OR tie across the back panel. The first source is on the ROM board at 8S9. 
SVSCO goes low if the Processor is executing a Load Micro-instruction (LOADl) other than I/O (LDIOO- LTDIOO) and RD 
Bit-15 is set (RD151), specifying Carry Out. The second source of SVSCO is on the ALT." board at 13A4. SVSCO is ac- 
tive during a Command Shift Left (OSLO) or a Command Shift Right (CSRO) other than during a Multiply (MPYO) if RD 
Bit-15 is set (RDlol), specifying Carry Out, 

SVACO is also generated in two places with an OR tie across the back panel. The first source is on the ROM board at 
8S9. SVACO is active during a non-immediate (EDOSO) AND, OR, Exclusive OR, Add, or Subtract Micro-instruction 
(RDOOl+RDOll- RD021) if RD Bit-15 is set (RD151), specifying Carry Out. The second source of SVACO is on the ALU 
board at 13B4. SVACO is low during a Command Multiply Micro-instruction (MPYl) if RD15 is set (RD151), specifying 
Carry Ouf. 

FLR12 is set when SFLR120 is low. SFLR120 is generated by four NAND gates collector OR tied. The input to the 
first NAND gate is SHOTl (17C1), generated on the ALU board (13C9). SHOTl goes high when the Processor is executing 
a Shift Right (SHRl) and B Bus Bit-15 is active (B150), or a Shift Left (SHLl) and B Bus Bit-0 is active (BOOO), or a 
Command Shift Right (CSRl) other than on Multiply (MPYO) and Shift Register Lower Bit-15 is set (SRL151), or Com- 
mand Shift Left (CSLl) and Shift Register Higher Bit-0 is set (SRHOOl). 

The second NAND gate is enabled by SVACl (17D3). The Carry Output from the ALU (CSV!) is Exclusive ORed with 
Subtract (SUBl) and applied as the second input. The third input to the NAND gate at 17D3 is the Exclusive-NOR of 
RDOOO and RDOIO and is high when RDOOO and RDOIO are alike. The only time that RDOOO and RDOIO are alike when 
SVACl is high, is during an Add, Subtract, or Command Micro-instruction. The meaning of CSVl from the ALU differs 
depending on whether an Add or Subtract Micro-instruction is performed. The Exclusive OR of CSVl and SUBl inverts 
the ALU Carry on a Subtract Micro-instruction. 

The third NAND gate (17C2), enabled by LDFLRl, has a low output when S Bus Bit-12 (S121) is active. The fourth 
NAND gate is the master enable for the K input to FLR12. SFLR120 is inverted and the J input is allowed to go high, 
FLR12 toggles set on the trailing edge of the next Destination Clock (DCLl). 

FLR Bit-13 serves as the Overflow flag (V) for Add and Subtract operations. FLR13 is allowed to change state when 
LDCLRO or STFLO is active. If neither of the gating leads are active, the J and K inputs are held at ground. 

STFLO (17F1) is generated on the ROM board at 8R9, STFLO goes low if the Processor is doing a non-immediate 
(RD030) Add or Subtract Micro-instruction (RDOOLRDOll) and RD Bit-13 is set (RD131), specifying set flags. 

FLRIS is set when SFLRISO is low. SFLR130 is generated by three NAND gates collector OR tied. The first NAND 
gate (17H3) is enabled by LDCLRO. The second input is the Exclusive OR of SOOO and GBOOO. The third input is DIFFl, 
the Exclusive OR of GBOOO and, the Exclusive OR of GAOOl and SUBl, The NAND gate at 17H3 is low when the over- 
flow condition exists. The overflow indication is created after the ALU has produced the Sum or Difference, Overflow 
occurs on an Add with like signs or a Subtract with different signs when the resulting sign is different from the sign of 
the first operand on the B Bus. 

The second NAND gate at 17H2, enabled by LDFLRl, "has a low output when S Bus Bit-13 (S131) is active. The third 
NAND gate (17F3) is the master enable for the K input to FLR13, SFLRISO is inverted and the J input is allowed to go 
high, FLR13 toggles set on the trailing edge of the next DCLl, 

FLR13 can also be direct set by SVO, SVO goes low when the False Sync flip-flop is set (4E3). The False Sync flip- 
flop is set if the Processor does not receive a return Sjmc from a device controller within 13 to 15 microseconds from 
the time the I/O control line is activated to start an I/O operation. 

FLR14 and FLR15 serve as the Greater than and Less than flags respectively. FLR14 is set by SFLR140 if the data 
manipulated on the S Bus is greater than zero or the result of a Test Micro-instruction is true. FLR15 is set by 
SFLRISO if the data manipulated on the S Bus is less than zero or if the result of a Test Micro-instruction is false. 

SFLR140 is generated by three NAND gates collector OR tied. The first NAND gate (17J2) is used to load FLR14 from 
S Bus Bit-14. The second NAND gate (17J2) is enabled by STFl. The second input is CTFl and the third input, SOOO, is 
high when the S Bus is not negative. 

The gating leads STFO and STFl are active during a non-immediate AND, OR, Exclusive OR, Add, or Subtract Micro- 
instruction if RD Bit-13 is set, specifying set flags (8E9). 
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The Change Test Flags signal (CTF1)(17J1) is active if any bit of the S Bus is active, or if the G or L flag is set. If 
either the G or L flag is set, FRNSl is low (17N5), This signal is NANDed, on the ALU board, with the zero indicating 
outputs from the four 4-bit ALUs at 14S8. If S Bus Bits 0:3 are zero, S0031 is high. If S Bus Bits 4:7 are zero, S0471 
is high. If S Bus Bits 8:11 are zero, S8111 is high. If S Bus Bits 12:15 are zero, S1251 is high. The output from the 
NAND gate at 14S9 (CTFl) returns to the I/O board to enable changing the G and L flags. 

The third NAND gate (17K2) is active during a Test Micro-instruction (CTESTl) if the result of the test is true (TTESTl). 

The TTESTO signal (17K1) is generated on Sheet 18 as the collector OR tie of the inverted outputs of the three 19-026 
four-to-one multiplexors. TTESTO (18 H5) is low if a testable function is true and the corresponding mask bit in the RD 
is set. The testable functions and the associated RD bits are listed below. 



TESTABLE FUNCTION 


RD BIT 


MNEMONIC 


MEANING 


4 


FSTl 


Fast I/O Interrupt 


5 


ATNl-PSWOll 


I/O Attention and PSW Bit-1 set 


6 


ARSTl 


Automatic Restart 


7 


CATNl 


Console Attention 


8 


SNGLl 


Console Single Mode 


9 


UTl 


Utility flip-flop set 


10 


MALFl 


Machine Malfunction 


11 


PPFl 


Primary Power Fail 


12 


DCl 


Data Channel Request 


13 


DRDl 


Data Channel Read 


14 


MSKl 


Mask 


15 


OPl 


Operation Length 



The logic to generate SFLR150 is similar to that that generates SFLR140, Except when the FLR is being loaded from 
the S Bus or cleared on a DO Micro-instruction (CLRO), SFLR140 and SFLR150 are complementary. 

The to^le for FLR14 and 15 is generated at 17N4 as the collector AND tie of DCLO and LDCLRO, STFO, or CTESTO. 

3. 5. 2 Program Status Word (PSW). The Program Status Word (PSW) is a 16-bit register used to define the 
system status relative to the user program being executed. The Status field (PSW 0:11) is located on the 35-387 Mem- 
ory Control mother-board and is shown on Sheet 19. The Condition Code field (PSW 12:15) is located on the 35-390 I/O 
mother-board and is shown on Sheet 17. . 

PSW 0:11 is loaded from S Bus Bits 0:11 when the PSW is specified as the destination (LPSW1)(29C1). LPSWl is ANDed 
with the Destination Clock (DCL1)(29C1) at the gate (29C2) and affiled to the clock input of the three 19-030 four-bit 
shift registers (A48-A50), Pin 06 of each 19-030 shift register is tied to P5 to establish the Load Mode rather than 
Shift Right Mode. 

PSW Bits 12:15 are contained in the 19-017 quad latch (17B-G9). The Condition Code Register may be loaded from the 
Flag Register or from the Alarm Register. The clock input to the Condition Code latch is high at System Clock time 
(SCL0)(17B5) when either LCCO or JACCO is active (17C5). LCCO is generated at 9M4 and is low on a DO Micro-in- 
struction (Dl) if the Processor is in Phase Three (P31) and RD Bit-12 is set, specifying copy alarm flags to the Con- 
dition Code, The data inputs to the quad latch axe LCCl and FLR 12:15, or JACCl and ALRM 13:15. 

All 16 PSW bits are applied to the eight 19-038 dual four-to-one line multiplexors on Sheet 29 for gating onto the B Bus. 
When the PSW is specified as the Source Register (address '4'), the signal USTRBO (29A4) goes low enablir^ all the 
19-038 multiplexors. USTRBO is generated at 18C5 and is active when the Source Register address is hexadecimal 4, 
5, 9, or A. RD Bits 9 and 11 are decoded internal to the multiplexors to select which of the four input registers are 
gated out to the B Bus. 
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PSW Bit-1 is the I/O interrupt enable. PSWOll is ANDed with ATNl at 18J3 for the Test Micro-instruction and at 18N3 
for generating an interrupt. PSW Bit-2 set allows the Alarm Register Bits 13:15 to be set (17K6). PSW Bit-4 is avail- 
able at Pin 226-0 on the I/O board back panel to enable detection of the Fast l/O interrupt. (For the regular Model 70, 
this pin is tied to ground instead of PSW041.) PSW Bit-7 controls the supervisor/user mode of the Model 70 Processor. 
If PSW07 is set, detection of Privileged instructions is allowed and the optional Memory Protect feature is enabled. 
PSW07 set allows RAH04 to be set from the DEOM (502). Privileged instructions are flagged in the DROM by having 
Bit-4 set. If RAH04 sets, the non-existent ROM address forces the Illegal instruction trap. No hardware significance 
is attached to the remaining PSW bits. 

0. 5. 3 Alarm Register (ALRM). The three-bit Alarm Register is located on the 35-390 I/O mother-board and 
is shown on Sheet 17. PSW Bit-2 (17K6) enables setting any bit in the Alarm Register. 

ALRM15 is set on the occurrence of Early Power Fail (EPF)a7S6). Refer to 3.2. ALRM14 is set if a Memory Parity 
Failure occurs (PFF1)(17M6) during Phase Zero or Phase One (PCOO). ALRM13 is set if a parity failure occurs 
during Phase Two or Phase Three (PC01)(17K6). If any bit in the Alarm Register sets, Machine Malfunction goes high 
(MALF1)(17S9), 

The Alarm Register bits can be copied into the Condition Code of the PSW on a DO Micro-instruction, JACCl high. This 
is done during the PSW swap routine for Machine Malfunction Interrupt so that the user Is informed of the nature of the 
interrupt. 

The Alarm Register is cleared by SCLRO on Initialize or it toggles clear at SCLl time when JACCl is high. 

3.5.4 Counter Register (CTR). The Counter Register (CTR) is shown on Sheet 27. It is used to count the num- 
ber of repetitions of a single micro-instruction when the Processor is executing a Command Repeat, Multiply, or Divide. 
The Counter is also a testable Item for the Branch Micro-instruction. 

The five-bit decrementing CTR is loaded from S Bus Bits 11:15 by LDCTRO (27B1). LDCTRO is generated at 8C9 and 
is low when the Destination address is hexadecimal 'C LDCTRO is Inverted and NANDed with DCLl (27E3), producing 
the low active load pulse for the 19-035 four-bit counter at 27F5. The S Bus Bits 12:15 are toggled into CTR 12:15 at 
the trailing edge of the load pulse. CTR Bit-11 is maintained in a separate JK flip-flop (27B5) and Is toggled by the 
AND of LDCTRl and DCLl (17A3). The J and K inputs to CTRll track S Bus Bit-11 when DECTRO is false (27C1). 

The DECTRO lead goes low to allow the CTR to decrement on the trailing edge of DCLl, DECTRO is generated in two 
places with an OR tie across the back panel. The first place is on the 35-390 I/O board at 18E9. DECTRO goes low if 
the Processor is executing a Branch on Counter Micro-instruction. Op-Code '3' causes BRAl (18H8) to go high. If the 
CTR is the specified condition, RD 04:07 are reset and LDOl (18D7) is high. The second place DECTRO is generated, 
is on the ALU board at 13F9. DECTRO is low if the CTR is not zero (CEMTO false) (13F7) and the Processor is executing 
a Command Multiply (MPYO), or a Divide (DIVO) Micro-instruction, or if the Counter Mode flip-flop (CMODE) Is set af- 
ter a Command Repeat (13G8). For these instructions, DECTRO remains active until the counter decrements to zero. 

DECTRO Is inverted and ANDed with DCLl (27A1) to produce the low active decrement pulse to the 19-035 four-bit 
counter. If the low four-bits are zero when the decrement pulse occurs, a carry pulse is produced on Pin 13 of the I. C. 
and the CTR 12:15 wraps to a count of 'F'. The carry pulse complements CTR Bit-11. 

Two states of the CTR are decoded. Counter equal to zero causes CEMTO at 27C9 to go low. Counter equal to one 
causes CTONEO at 27C9.to go low. These signals are used by the Branch on Counter and the Counter mode logic. 

The Counter is preset to a count of 16 by SCLRO (27C1) on initialize, or CLRl and SCLl (27D2) on a DO Micro-instruction. 

3.5.5 Register Stack. The register stack shown on Sheet 11 is located on the 35-389 ALU mother-board. The 
register stack consists of 20, general purpose, 16-blt registers which can be specified as Source and Destination Re- 
gisters for micro-instructions. These registers can be loaded from the S Bus and unloaded to the B Bus. 

The register stack consists of 20, 19-041 four-bit by four-word register files. Each IC has a read enable and two 
read select lines, and a write enable and two write select lines. This allows a stack register to be both the source and 
destination in the same micro-instruction. The read enable level selects one of five sets of four ICs. The micro-reg- 
ister stack (MRO, MRl, MR2 and LOC) is selected by RMSO (11A2). The RMSO signal is generated at 10D4 and is ac- 
tive when the Source Register address is hexadecimal 0, 1, 2, or 3, or when the DO Micro-instruction forces the LOC 
to be both the source and destination (FRCLOC0)(9J4). 
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General Registers through 3 are selected by the signal GROO (llCl), General Registers 4 through 7 are selected by 
GRIO (llGl). General Registers 8 through 11 by GH20 (llJl) and General Registers 12 through 15 by GR30 (llMl). The 
General Registers are addressed by the YD or YS field of the Instruction Register (ER), The micro-program accesses 
a General Register by specifying the field of the IR that contains the register's address. If the Source Register is YS 
(hexadecimal D), or if a DO Micro-instruction in Phase Zero has generated Load AR from YS (LARYS0)(9C4), RYSl is 
high (10B6). RYSl is NANDed with the four decoded states of IR Bits 12 and 13 (lOMl) to activate the appropriate GRXO 
lead on Sheet 10. If the Source Register is YD or YDPl (hexadecimal E or F), RYDl is high (10A6). RYDl is NANDed 
with the four decoded states of IR08 and 09 (lOLl) to activate the GRXO leads. 

Given that RMSO or one of the GRXO leads is active, selection of the particular register is done internal to the 19-041 by 
decoding the state of the two read select lines. 

The micro-registers are selected by the leads RMAl and RMBl (10F3). These lines track RD Bits 10 and 11 respec- 
tively. Both lines are forced high by FRCLOCO (lOFl). 

The General Registers are selected by the leads RAl (10H9) and RBI (10F9). RBI tracks IR Bits 10 or 14 depending on 
whether YD or YS is the source. If YDPl is the source, RAl is forced high so that an odd address register is selected 
(llCl). 

The logic for writing into the register stack is similar to that for reading. The significant difference is that the write 
enable line is a pulse rather than a level. This pulse occurs at SYSCLl time during DCLl (10H3). The write pulse is 
about 30 nanoseconds wide. The minimum pulse width necessary to satisy the 19-041 is 25 nanoseconds. The maxi- 
mum pulse width depends on the delay through the ALU and is approximately 50 nanoseconds. A wider write pulse mu- 
tilates data in a register if the same register is specified as the source and destination. 

3. 5.6 Shift Registers (SRH and SRL) . The two 16-bit Shift Registers, SRH and SRL, are located on the 35-389 
ALU mother-board and are shown on Sheet 15. Either shift register may be loaded from the S Bus and unloaded to the 
B Bus. The SRH and SRL consist of four 19-048, eight-bit, shift register packs, that function as a single 32-bit register 
when used by the Command Shift Left, Shift Right, Multiply, or Divide Micro-instructions. 

The shift register devices can load, shift left, or shift right, depending on the state of the two mode control leads on 
Pins 01 and 23 of the devices. The logic that generates the mode control leads is shown on Sheet 15. 

SRH is loaded from the S Bus when the Destination address is hexadecimal 6. SRH is forced to be a destination during 
a Command Multiply or during a Command Divide Micro-instruction when the ALU Carry is active (CSV1)(15R1). When 
SRH is the destination, HDESTO is low (15L1). HDESTO causes both SRH mode control leads, SRHMOl and SRHMll 
(15J4), to go high, establishing the load function. On the trailing edge of DCLO (15S1), the S Bus data is copied into 
SRH. When the Processor is executing a Command Multiply Micro-instruction, MPYO is low (15L1), forcing SRHMOl 
and SRHMll high. During a Command Divide Micro-instruction (15L1), DIVO is low, forcing SRHMll high. If CSVl is 
high (15R1), SRHMOl is also forced high, establlshii^ the Load Mode. If CSVl is false, SRHMOl is low and SRH is in 
the Shift Left Mode. 

The data in SRH is shifted left one bit position when SRHMOl is high and SRHMll is low. This condition is established 
as mentioned previously for the Divide Micro-instruction, or by CSLO (15H) during a Command Shift Left. Anytime 
SRH is shifted left, SRL Bit-0 shifts into SRH Bit-15. Bits shifted out of SRHOO may be saved in the Carry flag (FLR12) 
if RD Bit-15 is set, specifying Carry Out (15A3). 

The data in SRH is shifted right one bft position when SRHMOl is low and SRHMll is high. This condition occurs only 
during a Command Shift Right Micro-instruction (CSR0)(15M1). If RD Bft-14 is set, specifying Carry In, the state of 
the Carry flag (FLR12) is shifted into SRHOO (15A3). 

SRL is loaded from the S Bus when the Destination address is hexadecimal 7. LSRLO (15N1) goes low forcing SRLMOl 
and SRLMll high, establishing the Load Mode. 

The data in SRL is shifted left one bit position when SRLMOl Is high and SRLMll is low. This condition occurs during 
a Command Shift Left (CSLO) or a Command Divide Micro-instruction (DIVO). If RD Bit-14 is set, the state of the 
Carry flag (FLR12) or, if Divide, the static ALU Carry (CSVl), is shifted into SRL15 (15S9). 

The data is SRL is shifted right when SRLMOl is low and SRLMll is high. This condition occurs during a Command 
Shift Right (CSRO) or a Command Multiply Micro-instruction (MPYO). The state of SRH15 is shifted into SRLOO. If RD 
Bit-15 is set, specifying Carry Out, the bit shifted from SRL15 is saved in FLR12 (15A3) except during Multiply (MPYO). 

The gates that unload SRH and SRL to the B Bus are shown on Sheet 16. The SRH is unloaded when the Source address 
is hexadecimal 6 (USRH0)(16A1) or when the Processor is executing a Command Multiply or Divide (MD0)(16A1). The 
SRL is unloaded when the Source address is hexadecimal 7 (USRL1)(16A3). 
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;i, 5. 7 instriiction Register (IE). The Instruction Register (IP.) is located on the 35-387 Memory Control mother- 
board and is shown on Sheet 18. The IE holds the user's instruction word during emulated execution. The IE may be 
loaded from the S Bus when it is specified as the Destination. It is also loaded directly from memory upon instruction 
access Phase Zero. The IE may be unloaded to the B Bus. 

During Phase Zero (POl), the Memory Strobe Bus (MS 0:15) is gated to the direct set inputs of the IE flip-flops by 
GMSIRl (28B3). IE was previously direct cleared when Phase Zero was entered, CLEIEO from 28A1. 

When the IE is specified as the Destination (hexadecimal 9), LIEO goes low (28S1). LIEO is used to develop the toggle 
inputs (TrR0)(28S3) to the IE flip-flops (Sheet 28). 

Bits 0:7 of the IE are applied, as the address, to the Decoder Read-Only-Memory and to the instruction class decoders 
on Sheet 4. IE Bits 8:15 are used to select the General Registers (Sheet 10). In addition, IR Bits 8:11 are ANDed with 
PSW Bits 12:15 at 29S7 to generate the testable MSK function. 

All 16 IR hits are applied to the eight 19-038 dual four-to-one line multiplexors (Sheet 29) for gating onto the B Bus. When 
the IR is specified as the Source Register (address '9'), USTRBO goes low (29A4). RD Bits 9 and 11 are decoded internal 
to the multiplexors to select the IR. ^^Tien the Source Register address is 'C, UrR40 goes low (18E5). UIRO is in- 
verted and ANDed with IE Bits 8:11 (Sheet 28) to develop the B Bus Bits 12:15, The remaining B Bus bits stay false. 

3.5.8 Arithmetic Register (AE). The Arithmetic Eegister (AE), located on the 35-389 ALU mother-hoard, is 
shown on Sheet 12. The AE is used to hold the second operand of the Add, Subtract, OE, AND, or Exclusive OR Micro- 
instruction. The AE may be loaded from the S Bus and unloaded to the Arithmetic Logic Unit (ALU). 

When the AE is specified as the Destination (hexadecimal 8), LAEl goes high (12A1). LARl is used to develop the tog- 
gle inputs to the AR flip-flops. 

The set outputs from the AR are NANDed with the ULAEl signal to develop the GA leads (GA000:150) as gated inputs to 
the ALU. ULARl is generated at 13N5. For fan-out reasons, it is developed twice. One input to each AND gate at 
13N5 is NAD (13R4). The other input comes from the 19-026 four-wide AND/OR pack A121 at 13N3. 

NAO is only low during a non-immediate (ED030) Micro-instruction that has Bit-12 set, specifying the No AR option. 
The 19-026 pack produces a high output whenever one of the following conditions is met: 

1. The Processor is executing an AND, Exclusive OR, Add or Subtract Micro-instruction (EDOOl). 

2. The Processor is executing an OE Micro-instruction (RD011'RD021). 

3. The Processor is executing a Command Divide Micro-instruction (RDOIO- RD020-RD031-RD061-ED081) 

4. The Processor is executing a Command Multiply Micro-instruction (EDOIO- ED020- RD031- RD061- RD071) 
and SRL Bit 15 is set (SRL151). 

3.6 B Bus Shifter 

The GA leads provide the second operand input to the ALU (Sheet 14). The other input is the GB output from the B Bus 
Shifter (Sheet 14). The B Bus Shifter can load, shift left, shift right, or cross shift the B Bus data prior to presentii^ 
it to the ALU. The function performed is determined by the state of the SHCAl and SHCBl control leads applied to the 
eight 19-038 dual four-to-one multiplexors. 

3. 6. 1 Load. The quiescent state of the B Bus Shifter is the Load Mode. This mode exists when both B Bus 
Shifter control leads are low. SHCAl is low (12B9) when the Processor is not doing a Command Divide (DIV0)(12B6) or 
a Load specifying Shift Left or Cross Shift. SHCBl is low (12C9) when the Processor is not doing a Command Multiply 
(MPY0)a2C6) or a Load specifying Shift Right or Cross Shift. SHCAl and SHCBl are decoded internal to the 19-038 
packs to gate each bit from the B Bus to the corresponding GB lead. 

3.6.2 Shift Left. The B Bus Shifter is conditioned to shift the B Bus data left one position when SHCAl is high 
and SHCBl is low. This occurs on a Command Divide or on a Load specifying Shift Left (LOADl.RD121)(12B6). Each 
bit from the B Bus is gated onto the next more significant GB line. If Carry In is specified on the Load (RD141. DIVO) 
(15A3), the state of the Carry flag (FLR12) is applied to GB150. 

3.6.3 Shift Right. When SHCAl is low and SHCBl is high, the B Bus Shifter shifts the B Bus data right one po- 
sition. This occurs on a Command Multiply (MPYO) or on a Load specifying Shift Right (LOAD1-RD131). Each bit from 
the B Bus is gated to the next lower position of the GB Bus. If Carry In is specified (DIVO- RD141)(15A3), the state of 
the Carry flag (FLR12) is gated onto GBOOO. 
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3.6.4 Cross Shift. The B Bus data is byte swapped by the B Bus Shifter when SHCAl and SHCBl are both high. 
This condition exists only during a Load Micro-instruction (L0AD1)(12B6), if Cross Shift is specified (ED121.RD131) 
and not suppressed by the XO lead (12A6). A Cross Shift becomes conditional if the Memory Data Register (MDR) is 
specified as either the Source or Destination, or if on an I/O data read or data write, the Half^ord test line is active. 
If the Processor is executing a Data Available or Data Request I/O operation, NOCSO goes low (9K4) if the Halfword 
line is low (HW0)(9K1). NOCSO suppresses Cross Shift (CSl) and jam sets RAL14. If the Cross Shift is not suppressed 
by NOCSO, and MDR is involved, the Cross Shift is allowed if the Memory Address Register is even (MAR150 high). If 
MAR is odd (MAR150 low), the Cross Shift is not performed. When the Cross Shift occurs. Bits 00:07 from the B Bus 
are gated to GB 08:15 and B 08:15 are gated to GB 00:07. 

3. 7 Arithmetic Logic Unit (ALU). The Arithmetic Logic Unit (ALU) consists of four 19-039 four-bit ALU packs and 
one 19-040 carry look-ahead pack. The ALU is shown on Sheet 14. The ALU receives five control lines defining the 
function it is to perform. These control lines are summarized on Table 2. 

TABLE 2. ALU CONTROL LINES. 
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Each 19-039 ALU pack develops four-bits of the low active S Bus. The four S Bus bits are internally NANDed to pro- 
duce the SXXXl zero indicating signal. When the signals S1251, S8111, S0471, and S0031 are all high, the S Bus data 
is zero. Each ALU produces an output carry on Pin 16. Only the carry output of the most significant ALU is used 
(CSV1)(14D9). The internal Carry Propagated (CP) to the most significant stage of each ALU pack is available on Pin 
15, and the Carry Generated (CG) for the most significant st^e is available on Pin 17. These signals, CPXXl and 
CGXXl are applied to the 19-040 carry look-ahead pack to develop the Carry In to the next more significant ALU pack 
(CNXXl). 



Each function of the ALU is described in the following paragraphs, 
the arbitrary labels on Figure 3. 



Unless otherwise noted, all gate references are to 



3. 7. 1 Load. The ALU is conditioned to the Load Mode on a Test, Branch, or Load Micro -instruction. In this 
mode. Gates 1, 2, 3, and 4 are enabled by SOI, Sll, S21 and SUBO respectively, and Gate 8 is disabled by Ml. The 
AR is not unloaded, so the false GAXXO Bus disables Gates 2 and 3. Gate 1 produces a high output causing the output 
from Gate 5 to go low. The state of the GBXXO Bus is passed to the SXXO Bus from Gates 4, 6, 7 and 9. 

3. 7.2 AND. In this mode, conditioned by the AND Micro-instruction, each bit from the B Bus is logically 
ANDed with the correspondii^ bit from the GA Bus. The output equation for Gate 5 becomes A. B. The output equation ' 
for Gate 6 is simply B. Consequently, Gate 7 yields the function A- B which is inverted by Gate 9, forming the S Bus. 

3. 7.3 OT. The OR Micro-instruction causes each bit from the B Bus to be logically ORed with the corresponding 
bit from the GA Bus. Gate 5 produces a low output because of the complimentary GA inputs. The OR function is realized 
entirely by Gate 4. Gate 4 produces a low output whenever either the GA or GB input is active (low). The logical sum is 
double inverted by Gates 6 and 9, forming the S Bus. 
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Figure 3. Least Significant ALU Stage 



3. 7. 4 Exclusive OR . The Exclusive OR Micro-instruction produces the logical difference of the data on the GA 
and GB Busses. Gate 5 produces a high output when the A. B condition is met. Gate^ produces a high output when the 
A+B condition is met. When combined by Gate 7, the Exclusive OR function (A. B + A- B) is realized. 

3. 7. 5 Add. The ALU is conditioned to the Add Mode on a DO, Command, or Add Micro-instruction. Note that 
with the exception of the M control line, Add is the same as Exclusive OR. The M control line enables the carry net- 
works internal to the ALU device so that the output from Gate 8 is (AB+AB). C + (AB+AB)C. Figure 3 shows only the 
least significant stage of the 19-039 four-bit ALU. The next three stages are identical with the exception of the inter- 
nally propagated carry. 

3.7.6 Subtract. The Subtract function produced by the 19-039 four-bit device is A-B-1. For this reason, the 
Carry In to the least significant state is inverted on the Subtract Micro-instruction. The output equation for Gate 5 is 
AB and the equation for Gate 6 is A+B. Gate 7 produces a high output when the equation AB+AB is satisfied. If no 
Carry In is specified, the CII (14A5) lead is high and the output from Gate 9 is high. If Carry In is specified, the out- 
put from Gate 7 is inverted by Gate 9, producir^ the S Bus. 

3. 8 Counter Dependent Operations 

A Command Micro-instruction with RD Bit-6 set implies a counter dependent mode of operation that is maintained until 
the Counter Register (CTR) is zero. Command Repeat causes the next micro-instruction to be repeated the number of 
times specified in the CTR. Command Multiply arid Command Divide cause the Command itself to be repeated with SRH 
forced to be the Source and Destination Register. These modes are implemented by the circuit shown on Sheet 13. 

3. 8.1 Repeat. When a Command Repeat Micro -instruction is executed, CMDl goes high (13K7). The Repeat 
flip-flop (RPT)(13K8) todies set on SCLl (CMND1-RD091). On the same SCLl, the Counter Mode flip-flop (CMODE) 
will toggle set if the CTR is not zero (CEMT0)(13N6). If the CTR is zero, the next micro-instruction should not be 
executed. Since, at the same time RPT flip-flop toggles set, the next micro-instruction toggles into RD, the Processor 
has to execute the instruction. However, KILDSTO goes active (13N9) stopping the Destination Clock, DCLO (19M9). No 
register will be modified, nor will the FLR change. RPT will toggle reset on the next SCLl. 

If the CTR is not zero, CMODE and RPT both toggle set. Now the target micro-instruction is in RD. Because CMODE 
is set, DECTRO (13F9) goes low until the CTR is zero. The CTR will decrement on each Destination Clock. As long 
as CMODE is set and the CTR does not equal zero or one (CTLT21)(13M8), STPCO is low (13R9), disabling RCLO and 
RDSTBO (19L9). The RAL will not increment nor will another micro-instruction be strobed into RD until the Counter 
decrements from one to zero. As soon as the CTR decrements from one to zero, CMODE and RPT both toggle reset. 
STPCO is high and the next sequential micro-instruction is executed. 
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3.8.2 Multiply. Prior to executing the Command Multiply Micro-instruction, the following preliminary condi- 
tions are assumed: The multiplier is in SRL, SRH contains zero, the AE holds the multiplicand, the Carry flag is 
cleared, and the Counter contains 16. The Command Multiply is executed in 16 machine cycles. On each Destination 
Clock; the CTR is decremented, SRL is shifted right one place, FLR12 is updated from the ALU Carry (CSV1)(14D9), 
and SRH is loaded from the S Bus. Refer to Figure 4. 
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Figure 4, Command Multiply Timing Diagram 

As soon as the Command Multiply Micro-instruction is decoded, the signal MPYO goes low (13H7). As long as the CTR 
is not zero (CEMTO false), DECTRO is low (13F9) and the Counter decrements on the trailing edge of each Destination 
Clock. Shift Register Lower (SRL) is also conditioned to the Shift Eight Mode, SRLMOl low and SRLMll high, by the 
MPYO signal. Similarly, Shift Register High (SRH) is conditioned to the Load Mode, SRHMOl and SRHMll high. At the 
trailing edge of each DCLO, SRL shifts right one position and SRH is loaded from the S Bus. 

The data loaded into SRH constitutes the sum of the accumulated partial products. The signal MPYO is ORed with DIVO 
to produce MDO (13H9). MDO forces the contents from SRH to be gated onto the B Bus (16A1). The B Bus Shifter is 
forced to the Shift Right Mode by MPYO. Now, depending on the state of the least significant bit from the multiplier 
(SRL15), the multiplicand in AE is either gated to the ALU or not. If SRL151 is hi^, ULAEl (13N5) is high. The AR 
is gated to the ALU and the sum from AR and the shifted SRH is gated back into SRH. If SRL151 is low, the AR is not 
gated to the ALU and zeros are added to the shifted SRH. The result of the latter case is a 32-bit shift right. 

Carries resulting from the additions that occur are saved in the Carry flag (FLR12) which is shifted back into the high 
end of the B Bus Shifter for the next cycle so no data is lost. 

After the Command Multiply, the product in SEH and SRL must be shifted right one more position. 

3. 8. 3 Divide. Prior to executing the Command Divide Micro-instruction, the following preliminary conditions 
are assumed: The 32-blt positive dividend is in SRH and SRL, the divisor is in two's complement negative form in the 
AR, the Carry flag is reset, and the CTR contains 16. The Command Divide executes in 16 machine cycles. On each 
DCLO; the CTR is decremented, SRL is shifted left one position, FLE12 is updated from the ALU Carry, and SRH is 
either shifted left one position or loaded from the S Bus. Refer to Figure 5. 

The signal DIVO is low during the Command Divide. DIVO causes DECTEO to go low until the Counter decrements to 
zero. SRL is conditioned to the Shift Left Mode, and SRH assumes the Load Mode or the Shift Left Mode depending up- 
on the state of the ALU Carry (CSVl). 

The most significant 16-bits of the dividend in the SRH are present on the B Bus. The data is shifted left one position 
by the B Bus Shifter and presented to the ALU. Note that SRLOO is carried into GB15 (14R1). The AR is unloaded to 
the ALU and an 'Add' is performed. 
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Figure 5, Command Divide Timing Diagram 

By adding the two's complement from the divisor in the AR to the most significant half of the dividend in the SRH, the 
result on the S Bus is actually the difference between the two. If this 'trial subtraction' is successful, the ALU pro- 
duces a Carry (CSVl high), and the partial remainder on the S Bus is gated into the SRH. If the 'subtraction' is unsuc- 
cessful, CSVl is low, and the SRH is shifted left one position; the S Bus data is ignored. The CS\'l signal is shifted 
into SRL15 to form the quotient bits. CSVl is also saved in FLR12. After the Command Divide, the remainder is in the 
SRH and the quotient is in the SRL. 

3. 9 Phase Control 

3. 9. 1 General Description. The Phase Control logic, contained on the 35-388 ROM board, is shown on Sheet 9 
and in block diagram form on Figure 6. Phase is a hardware condition that is affected by the DO Micro-instruction and 
user program activity. Phase, in turn, affects actions resulting from the DO Micro-instruction. 

The two stage Phase Counter defines the four hardware phases. Referring to Figure 6, from a count of 00 (Phase Zero), 
the Phase Counter can go to a count of 01 (Phase One) or 10 (Phase Two). From Phase One, the Phase Counter can 
only go to Phase Two. From Phase Two, the Phase Counter can go to a count of 00 (Phase Zero ) or 11 (Phase Three). 
From Phase Three, the Phase Counter can only go to Phase Zero. A phase chaise usually occurs on a DO Micro-in- 
struction. Initialize unconditionally forces the Phase Counter to Phase Three, as does a Phase Two abort. 




Figure 6. Phase Control Flow Diagram 
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Each phase, other than Phase Zero, has corresponding sets of micro-code routines. The phase control hardware gen- 
erates the starting addresses of these routines. 

Phase Zero is dedicated to user's instruction decoding. Phase Zero is a purely hardware state,, lasting for two or four 
system clocks. During Phase Zero, the user's instruction is automatically loaded into the Instruction Register (IR), 
and the A Register (AR) is automatically loaded from the User's second operand register (YS). If the user's instruction 
is of the RR format (Op-Codes On, In, 2n, 3n, 8n, or 9h), Phase Zero is exited and Phase Two is entered. If the user's 
instruction is not RR, a second memory read is generated to fetch the second half of the fullword instruction, the Loca- 
tion Counter (LOC) is incremented by two and Phase Zero is exited. 

If the user's instruction is RS (Op Codes Cn or En), Phase One is entered if the instruction is indexed - IR Bits 8:11 not 
zero - and the ROM Address Registers are forced to '002'. If the instruction is not indexed, Phase Two is entered. 

If the user's instruction is RX (Op Codes 4n, 5n, 6n, 7n, An, Bn, Dn, or Fn), Phase One is entered. The ROM Address 
Registers are forced to '006' if the instruction is indexed or to '004' if the instruction is not indexed. 

The Phase One micro-code routines perform the second operand address arithmetic. 

The Phase Two entry point for a particular user instruction is derived from the Decoder Read-Only-Memory (DROM). 
Words in the DROM are addressed by the Operation Code field of the user's instruction, IR 0:7. The DROM contains 
256, 12-bit words. The Model 70 user's instruction repertoire uses 113 words. The words not used contain zeros and 
correspond to illegal user's instructions. 

As Phase Two is entered, the DROM read-out is jammed into the ROM Address Registers. The next micro-instruction 
executed will be that at the specified location. 

The Model 70 instruction repertoire includes 22 Privileged instructions. Privileged instructions (all I/O instructions 
plus LPSW and EPSR) may only be executed if PSW Blt-7 is reset. If PSW07 is set and an attempt is made to execute 
a Privileged instruction, the Illegal instruction interrupt is forced. 

The Privileged instructions are identified in the DROM by having Bit-4 of the read-out set. When Phase Two is entered, 
the ROM Address Registers are allowed to be jammed from the DROM. Then, when the non-existant location is read- 
out, the ROM Data Register (RD) is direct cleared. 

When Phase Two is entered, the abort Enable flip-flop (EBL) is set. As long as EBL is set, the Processor can be in- 
terrupted by the occurrence of an I/O Attention (ATN), a Data Channel request, or a Machine Malfunction which includes 
parity failure and Eaxly Power Fail (EPF) detection. This abort condition forces the Processor to Phase Three and 
jams the ROM Address Registers to '00 A', the starting address of the abort micro-routine. The EBL flip-flop auto- 
matically resets whenever the micro-program does a Memory Write (MW or PW), an I/O operation, or changes a user 
General Register or the PSW or the LOC. When Phase Two is exited, the DO Micro-instruction automatically tests for 
interrupts, regardless of the state of EBL. The interrupts tested for are I/O Interrupt (ATN), Console Interrupt (CATN), 
Console Single Mode (SNGL), Machine Malfunction (MALF), Primary Power Fall (PPF), Data Channel request (DC), 
and Fast l/O Interrupt (FAST). If any interrupt is true. Phase Three is entered and the ROM Address Registers are 
jammed to '010'. If no interrupts are pending, Phase Zero is entered. 

The Phase Three firmware sets (entry points '000', 'OOA', '010', and '100') are dedicated to display and interrupt sup- 
port. When Phase Three is exited. Phase Zero is entered. 

3. 9.2 Functional Description. When RD 00:03 are zero, Dl goes high (8K4). This may occur on the DO Micro- 
instruction or an Illegal instruction. The illegal condition exists if the Run flip-flop is set (8J6) and the RD14 flip-flop 
is reset (8R3). (A DO Micro-instruction always has RD Bit-14 set.) 

When the Processor is initialized, the signal SCLRIA (8A6) is active. Initialize clears the ROM Address Registers and 
the ROM Data Register, and the Run flip-flop at 8J6 is reset. Dl is ANDed with RD140 and RUNl. If the Run flip-flop 
is not reset at this time, ILEGO goes low, forcing the Processor to Phase Three and the ROM address to '100'. As 
soon as a word whose Op-Code is not zero is read from the ROM, DO on the J input to Run goes high and the flip-flop 
toggles set. 
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The DO Micro-instruction may specify one or more functions to be performed. Bits 4 and 5 specify a Memory Read, 
Memory Write, or Privileged Write. DDCl (8B9) is high if the Processor is executing a DO or Command Micro-instruc- 
tion. DDCl at 30R9 generates a memory start (PSTARTO). See Section 4. 

Bit-6 set causes the Location Counter (LOC) to be incremented by two. If the Processor is not going to Phase Three 
(GTP30) or is not in Phase Zero with Memory Busy (POl-FPMBYl), FRCLOCO goes low (9J5), FRCLOCO forces the 
LOC to be both the Source and Destination (25B1) and forces GA140 to be active (12S3). The AR is not unloaded, so the 
GAXXO Bus equals 2. The ALU is conditioned to do an Add operation and, at DCLO, LOC is loaded with the value (LOC)+2. 

Bit-7 set causes the contents of the Flag Register to be copied into the Condition Code Register. LCCO at 9N4 goes low 
during the last machine cycle of a DO Micro-instruction. A DO Micro-instruction is normally executed in one machine 
cycle (250 nanoseconds). It takes more than one cycle if a memory operation is specified and memory is busy, or if a 
phase change is specified and the new phase is Phase Zero. 

The phase change is specified by RD Bit-8. The signal DRD081 goes high (8J9) to Indirectly enable the Phase Counter. 
The Phase Counter is initialized to Phase Three. From Phase Three, the Phase Counter can only step to Phase Zero. 
The K input to the PCI flip-flop (9G2) goes high with DRD081. The K input to the PCO flip-flop (9F2) goes high because 
DTESTO and GTP30 are false. DTESTO can only be active during Phase Two and, GTP30 can only be active during 
Phase Two or on Illegal. The NAND gate at 9F7 produces a low output on DRD081 if memory is not busy (FPMBYO). 
The Phase Enable lead (PHENl) at 9F9, goes high. This lead is ANDed with MSSTO and SCLl to develop the toggle in- 
put to the Phase Counter flip-flops (9F2). MSSTO (9E1) is low if an attempt is made to start memory when the memory 
is busy. On the trailing edge of SCLl, Phase Zero is entered. 

The DO Micro -instruction that causes Phase Zero to be entered must specify a Memory Read. The word read from 
memory will be taken as the next user instruction to perform. Phase Zero lasts for two or four machine cycles (as- 
suming one microsecond core memory). For the duration of Phase Zero, the DO Micro -instruction remains in RD. 
The signal STOPO goes low for the cycle before Phase Zero was entered by DRD081. DTESTO. PCOl (9B1). As soon as 
Phase Zero is entered, POlA-FMDUAl (9D1) holds STOPO down until memory data is available. STOPO disables 
RDSTBO and RCLO (19L6) so that another micro -instruction is not strobed into RD, and RAL does not Increment. 

On the machine cycle before Phase Zero is entered, the ROM Address Registers are cleared (PHENl- P00.T21. 
SYSCLl = RACLRO) (9B9). At the same time, the Instruction Register is direct cleared by CRLIRO (9A9). 

When the memory data is strobed into MDR, the ER receives the same information. GMSIRl goes high (28C2) to gate 
the Memory Strobe Bus (MS) to the direct set inputs of the IR flip-flops. Shortly after the Memory Strobe (MS), and 
one machine cycle into Phase Zero, the data unavailable signal FMDUAl goes low. See Figure 7. 

If the instruction in IR Is of the RR type, RRl (9D5) goes high. Phase Zero and RR generate GTP21 (9D9) and PHENl 
(9F9). GTP21 allows the J input to the PCI flip-flop to go high (9G2). The Phase Counter steps to Phase Two on the 
SCLl. GTP21 also generates GDROMO at T21 time (9H9). The GDROMO signal strobes the DROM read-out into the 
ROM Address Registers on Sheet 5. On the clock that steps the Phase Counter to Phase Two, the AR is loaded from 
the user's second operand register, specified by TS. LARYSO at 9C4 goes low when memory data becomes available. 
LARYSO forces YS to be the source and the AR to be the destination. The contents of YS are added to zero and placed 
into the AR. 

If the user's instruction is not RR, the signal STOPO is held low until memory becomes un-busy (9D3). Phase Zero 
will last for four machine cycles. After memory data becomes available, the AR is loaded from YS and, at the same 
time, the Skip flip-flop (Sheet 18) is toggled set by SSKIPO (9B9). 

The Skip flip-flop resets, on the clock, after memory goes un-busy (KSKIP0)(9F9). The Skip flip-flop keeps YS off the 
B Bus for the remainder of Phase Zero by disabling the LARYSO signal at 9C4. 

The B Bus must be kept clear so that when memory does go un-busy, the LOC can be incremented again (FRCLOC)(9J5). 
As soon as memory goes un-busy, another Memory Read is started. This occurs because the DO Micro-instruction is 
still in RD. This Memory Read will fetch the second half of the user's instruction. If the instruction in IR is RS with 
no indexing (AMODO), the new phase is Phase Two (GTP21 = 1)(9D9). When memory goes un-busy, PHENl goes active 
to step the Phase Counter to Phase Two. See Figure 8. 
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Figure 7. Phase Zero Timing (RR) 



If the instruction in IR is BS with indexing or is RX, the new phase will be Phase One. The J input to PCI goes high 
(POl* GTPIO)., On T21, the Phase One entry point is generated by the gates in area 9G3 and at SCLl, Phase One is 
entered. 

The DO Micro-instruction exiting Phase One always causes Phase Two to be entered. GTP21 is active during all of 
Phase One. The DO Micro-instruction that exits the two RX Phase One routines {'004', '006') specifies a Memory Read. 
Normally, execution of the DO Micro-Instruction is delayed because memory is still busy from the Memory Read gen- 
erated in Phase Zero. 

If IR holds a STH, BAL, ETC, or BFC user instruction (Op-Codes '40', '41', '42', or '43'), the signal STBRl at 9E6 
goes high. STBRl generates DISBO at 9C9 which in turn causes PHENl to go high and NOMEMO to go low. This Phase 
One DO Micro-instruction will execute in only one machine cycle. NOMEMO keeps the memory from starting (8A9) and 
DISBO keeps the clocks from stopping (4L1). See Figure 9. 
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Figure 8. Phase Zero Timing Non-ER. 
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Figute 9. Phase One Timing 



If the instruction in IE is illegal, the associated DHOM read-out is zero. The Processor enters Phase Two and reads 
the contents of ROM location '000' into RD. ROM location '000' contains zeros so the illegal condition occurs. ILEGO 
goes low (9G5). PHENI goes high due to the GTP30 signal. On the next SCLl, the Phase Counter steps to Phase 
Three. The ROM Address Registers clear at T21 (RACLRO), and RAH07 is forced set (SRAH070)(9H9). If the instruc- 
tion in BR is privileged (DROM Bit -4 set) and if PSW07 is set, RAH04 is allowed to set. The illegal ROM address 
causes RD to be direct cleared on RDSTBO and the illegal condition occurs. See Figure 10. 

As soon as Phase Two is entered, the abort Enable flip-flop (EBL)(4S3) is allowed to set. EBL resets when a Memory 
Write or Privileged Write is performed (MWPWO), an I/O operation is performed (UDIOO, LDIOO), a General Register 
is loaded (LGRO), PSW is loaded (LPSWO), or the LOG is loaded (LLOCO, FRCLOCO). If one of these conditions occurs 
on the first micro-instruction in Phase Two, EBL resets immediately. As long as EBL remains set, if an I/O Inter- 
rupt (ATNl- PSWOl), Data Channel Interrupt (DCO), or Machine Malfunction (MALFl) occurs, the TESTA flip-flop is 
allowed to set. If TESTA sets durii^ Phase Two, ABRTO goes low. ABRTO causes GTP30 to go low (9G6). On the 
next SCLl, the Processor enters Phase Three at ROM address 'OOA'. See Figure 11. 
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Figure 11. Phase Two Timing (Abort) 



If an abort has not occurred, the DO Micro-instruction that exits Phase Two automatically tests for interrupts. See 
Sheet 18. The interrupts tested for are ATNl- PSWOll, DCO, and MALFl which form INTAO; and CATNO, SNGLO, or 
PPFO which form INTBO. The occurrence of any interrupt is synchronized by the Test flip-flop. If Test is set when 
the DO Micro-instruction that exits Phase Two is executed, D1.RD081A-TEST1 generates DTESTO. DTESTO (18N9) 
causes GTP30 to go low. The Processor enters Phase Three at ROM address '010'. See Figure 12. 

IE no interrupts are pending, DTESTO remains high and the Processor goes to Phase Zero instead of Phase Three, as 
shown in Figures 7 and 8. 
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Figure 12. Phase Two Timing (Interrupt) 

Bit-9 set causes CLRO to go low during the last machine cycle of a DO Micro-instruction. CURO, also low on GTP30, 
resets the Bank flip-flop (ISMS), the Utility flip-flop (12M8), the CMODE flip-flop a3M8), the RPT flip-flop a3K8), 
the Flag Register (Sheet 17), and the Counter (27F5). For the case where CLRO and LCCO are both active, the Condi- 
tion Code of PSW is updated from the FLR before the FLR is reset. 



If RD Bit-10 is set, the Wait indicator on the Control Panel is set. 
on Sheet 8. RD Bit-11 set causes the Wait flip-flop to reset. 



The Wait lam-p is driven by the RS flip-flop shown 



If RD Bit-12 is set, Bits 13, 14 and 15 of the ALRM Register are loaded into Bits 13:15 of the Condition Code. The sig- 
nal JACCO (9L4) goes low only if the Processor is in Phase Three. On Sheet 17, if LCCO is also active, the ALRM bits 
are ORed with the FLR bits and loaded into the Condition Code. 

If RD Bit-15 is set, a Power Down is generated (POW0)(19L2) to set the STPSYS flip-flop. 

3.10 I/O Control 

An I/O operation is initiated if 10 is the Source or Destination of a Load Micro-instruction. The I/O Control logic is 
shown on Sheet 4. The control line gating is shown on Sheet 20 and the data line gating is shown on Sheets 16 and 20, If 
RD contains a Load Micro-instruction, LOADl at 4B1 is high. If lO is the Source, UDIOO is low. If lO is the Destin- 
ation, LDIOO is low. LOADl (LDIOl+UDIOl) produces GlOl (4B2) which starts the I/O sequence. I/O timii^ is dis- 
cussed separately for input and output. 

3, 10. 1 Input. The initialized state of the I/O sequencer is Line, DST, and DIO flip-flops reset. On input, 
UDIOO is low and LDIOO is high. The gate at 4C3 produces a low output at T21 time, direct setting the Line flip-flop. 
On the trailing edge of T21, the DST flip-flop toggles set. This disables the clocks DCLO, RDSTBO and RCLO until a 
&Smc returns to reset the DST flip-flop. Because the Line flip-flop sets, a control line, selected by RD 14 and 15 is 
gated out (Sheet 20). The addressed device controller should respond to the control line with data on Data Lines D00:15 
and a Sync. 

When the Line flip-flop sets, the 13-15 microsecond delay at 4H2 starts. This delay generates a False Sync if a device 
fails to respond within the delay period, assuring that the Processor does not hai^ up. The RS flip-flop (DIO)(4E3) 
latches the occurrence of a False Sync and locks out the other. SYNCHl goes high allowing DST to toggle reset on the 
next T21, and the Line flip-flop to toggle reset on the following DCLl which resets the RS flip-flop had Sync time out 
occurred. The False Sync delay is also direct cleared. 
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When the Line flip-flop resets, the control line drops and the device controller drops SYNO, 
an l/O operation from starting until SYNO from the previous operation has been dropped. 



SYNC HO is used to keep 



In the case of a False Sync, the Overflow flag (FLR13) is direct set at SCLl time by the SVO lead (4F4). If the l/O oper- 
ation was a Status Request, B Bus Bit-13 is forced active (B130)(4G4) to simulate the Examine Status condition. 

At the end of an Input type l/O operation, the DC LI that toggles the Line flip-flop reset also loads the specified Destin- 
ation Register from the S Bus. See Figure 13. 
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Figure 13. I/O Timing (Input) 



3.10,2 Output. With LDIOO active, DST todies set at T21 time and 100 nanoseconds later, the Line flip-flop 
is direct set by the gate at 4C4. The delay is to guarantee that the data to be output is present on Data Lines D00:15 
at least 100 nanoseconds before the control line is switched on. The control line, selected by RD Bits 14 and 15, is ac- 
tive from the time the Line flip-flop sets until DST resets. The control line is dropped early so that the data lines re- 
main active for at least 100 nanoseconds after the control line. When the Line flip-flop sets, the False Sync delay starts. 
When a Sync returns (SYNO) or a False Sync is generated, the DST flip-flop toggles reset followed at DCLl by the Line 
flip-flop. The DIO flip-flop latches the occurrence of a False Sync until the Line flip-flop resets. See Figure 14. 
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Figure 14. I/O Timing (Output) 
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3.10.3 Halfword I/O. Special device controllers that make use of the 16-bit I/O data bus activate the Halfword 
(HWO) test line while they are addressed. 

NOTE 

Data Channel devices must not activate the Halfword test line (HWO). 

The HWO line has no affect on the Input/Output sequencing described above. NOCSO forces Cross Shift (CS1)(8M9) to be 
false so that XO is high and no Cross Shift can occur. Also, RAL Bit-14 is forced set by SEAL140 at 5H5. This results 
in a skip of two micro-instructions, unless RAL14 is already set. 

Data should only be exchanged with halfword devices with the RH, RHR, WH and WHR user instructions. Only on these 
instructions has the firmware been purposely aligned to take advantage of the skip on Halfword I/O, 

4. MEMORY INTERFACE 

4. 1 General Description 

The memory interface consists of data, address, timing, and control lines which provide the communication path be- 
tween the memory modules, the Processor, and the Direct Memory Access pMA) ports. Up to four Direct Memory 
Access devices plus the Processor may be connected to the memory via the memory interface. 

The timing and control circuits for the memory are contained on the Memory Control mother-board. The logic for con- 
trolling the memory parity and the Memory Protect controller is also included on this board; although these features are 
optional, the basic circuits are always provided. The memory may be expanded up to 32K 16-bit words with no modifi- 
cation to -the existing control circuits. 

The Data and Address Registers are OR tied to the Memory Bus. They are contained on the Memory Control mother- 
board and are dedicated for Processor memory operations. The timing and control logic is shared by all the devices 
using the memory. All busses are of the false type (low active). That is; an active bit is to . 4 VDC and an Inactive 
bit is 2. 4 to 5.0 VDC. - - ^ 

4. 2 Functional Analysis 

4.2.1 Memory Address Registers. The Memory Address Register (MAR) shown on Sheet 25, is a double rank 
register consisting of four 19-030 four-bit shift registers (MAR), and four 19-027 quad latch circuits, the Memory Ad- 
dress Slave Register (MAS). The shift registers are permanently tied in the parallel load mode. These registers are 
loaded on the trailing edge of DCLO when LMARO is, present, MAR may be unloaded to the B Bus via the eight 19-038 
multiplexors shown on Sheet 29. The MAS Register follows the MAB whenever the memory is not in use. This is ac- 
complished by holding the clock on the MAS latch circuits high except when MBl or FPMBYl are active (25A1). MBl 
and/or FPMBYl are active throughout the memory cycle. See Figure 15. It is therefore possible that the MAR holds 
information different from that in the MAS Register. The outputs from the MAS Register (MA000:140) are gated to the 
Memory Address Bus any time PSELl and PSELIA are active (25H7). When a Direct Memory Access device captures 
a memory cycle, PSELl and PSELIA are inactive, inhibiting the MAS Register outputs to the Memory Address Bus. 

Memory Address Bits MAOOO, MAOIO, and MAb20 are inverted and assigned to back panel pins. The true and false 
sides of these memory address bits are used to define the active memory module. The memory positions on the back 
panel have pre-wired slots to accept eight memory modules. 

In addition to the Memory Address Bus, the seven most significant bits of the MAS Register (25A-G6) are brought out 
via connector three, where they are available for the Memory Protect controller option. 

4. 2. 2 Memory Data Register. The Memory Data Register shown on Sheet 26 is a l6-bit register which can be 
loaded from the S Bus or the Memory Bus. Its outputs can be unloaded to the B Bus or the Memory Data Bus. When 
the MDR is loaded from the S Bus, data is toggled in on the falling edge of DCLl. The gating provided allows three dif- 
ferent modes to load the MDR. If the micro-code specifies no Cross Shift operation, the entire 16-bits on the S Bus are 
loaded into the MDR. This is accomplished by the Inactive Cross Shift (CS1)(26A1) which allows the clock DCLl to ap- 
pear at all toggle inputs. If a Cross Shift operation is specified, either the least or the most significant byte is loaded 
without changing the remaining byte. The state of XI (26A1) determines which byte Is loaded. XL is generated on 
Sheet 9 and is active if Memory Address Register Bit-15 is Inactive. An active XI loads the cross shifted S Bus Bits 
8:15 (on S Bus 0:7) into the MDR 0:7, thus only the left-most byte at the specified 16 bit memory location is changed. 

If XI is inactive (MAR15 active), the cross shifted S Bus Bits 0:7 (on S Bus 8:15) are loaded into the MDR 8:15, thus 
only the odd or right-most byte is changed. -^ 
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Figure 15, Memory Interface Timing Diagram 

When a Memory Read operation is specified by the micro-code, the MDR is loaded directly from the Memory Bus (MS). 
In this case, READl (26A1) and PSELIA (26B1) are true and the single rail MS Bus is gated to the direct set inputs of 
the MDR. MDR is cleared prior to memory data being strobed to the MS Bus by the gate at 26A2. Data Unavailable 
(DUAl) and READl (26A1) are both true during the Clock pulse (SCLl) that follows a Processor initiated Memory Read 
operation. MDRCLRO goes active clearing the MDR. The memory access time is approximately 300 nanoseconds thus 
memory data appears on the MS Bus between the two Clocks pulses (SCLl) following a Processor memory start. 

4.2. 3 Memory Control Circuit. The memory control circuit shown on Sheet 30 consists of two sets of control 
flip-flops, one set is used when a DMA device captures memory, the other is used when the Processor captures mem- 
ory. Figure 15 indicates the control sequence. 

Assume that a Selector Channel requests a memory cycle. REQO (30 LI) is activated and on the falling edge of the 
Clock pulse (SCLl), the EN flip-flop toggles set and ENO to the channel drops. The EN flip-flop also prevents the Pro- 
cessor from starting memory, by holding PSTARTO high and FPMBYO low. FPMBYO is used primarily to stop the clocks. 
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When the EN flip-flop is set, the SELCH is guaranteed the next memory cycle. If memory is not busy, the EN flip-flop 
is cleared on the next SCLl. This causes the XMB and PSEL flip-flops to toggle set, allowing the memory to be started 
on the next occurrence of T21NS1 and deselecting the Processor registers. The Selector Channel may continue requesting 
memory and capture succeeding cycles under control of the EN flip-flop. On the Clock pulse following the start of the 
memory cycle, the EPMBY and XMBS flip-flops toggle set assuring FPMBYO to the Processor and setting up conditions 
for a graceful completion of the memory cycle. The next action is initiated by the 100 nanosecond MBCLIP pulse, gen- 
erated by a variable delay at 30C6, This delay is set such that MBCLIP occurs between the second and third SCLl fol- 
lowing the memory cycle start (500-600 nanoseconds after memory start). This pulse (MBCLIP) clears the XMB flip- 
flop which allows the XMBS flip-flop to clear on the following SCLl, The result is MBO becomes inactive (30R1) al- 
lowing the EN and the FPMBY flip-flops to be cleared on the next SCLl, As seen from the timing chart, four Clock 
pulses (one microsecond) have occurred and the control circuit is initialized to start another Selector Channel cycle. 

If the Selector Channel did not request a second cycle (point A in Figure 15), the EN flip-flop remains cleared. The 
PSEL flip-flop is cleared on the following T21NS1 and the Processor is free to start a memory cycle via PSTAETO, 
The sequence of events is similiar to the Selector Channel cycle except that the DUA delay is triggered when memory 
is started. This delay is adjusted such that the'DUA flip-flop is set for one SCLl clock period (250 nanoseconds) fol- 
lowing memory start. The DUA flip-flop prevents the unloading of the Memory Data Register prior to memory read- 
out which is in the order of 300 nanoseconds from memory start. 

The PSTARTO pulse, in addition to starting a memory cycle, toggles the PMB flip-flop set which allows FMDBY to set 
on the next SCLl. The sequence of operations is the same as a Selector Channel cycle except that the PMB and FMDBY 
flip-flops are used in place of the XMB and XMBS flip-flops, FMDBYl is used to prevent changing the Memory Data Re- 
gister when a memory cycle is in operation. 

4, 3 Memory Timing Pulses 

The memory timing pulses, ERO, LRO, INHO, and WO are generated on the Memory Control mother-board and are used 
to drive the memory modules. Figure 16 indicates their relationships. The chain is initiated by a STARTl pulse which 
is generated whenever PSTARTO or XSTARTO occurs. This activates the delay at 30G3 which generates the ERO pulse, 
A second pulse, DLAYAO, is also generated which prevents the LRO pulse from occurring until 60 nanoseconds following 
the beginning of ERO. When ERO and LRO end, DLAYBl and DLAYCl, at location 30G7, occur which define the start 
of INHO and WO. The width of both these pulses is controlled bj' the delays at SOBS. 
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Figure 16. Typical Memory Cycle, 



4.4 Parity Check Circuit 



The parity control circuit is shown on Sheet 27. Parity is generated on each Write operation and is checked on each 
Processor initiated read cycle. The Exclusive OR circuits at locations 27R1-5, are tied directly to the Memory Data 
Bus and statically generate GMD160 which is low if the bus contains an even number of active bits. If a memory read 
cycle is initiated by the Processor, the Read flip-flop at 27R9 is set. This allows the MS Bus, including the parity bit, 
to be gated to the Memory Data Register, Bit-16, the parity bit, is loaded into the flip-flop at 27J1, The register is ' 
cleared on the start of each cycle by DLAYAl, If the generated parity bit (GMD160) is the same as the received parity 
bit {MS160), the Parity Fail signal (PFFl) at 27J9 rem-ains inactive. The signal PFFl will be active on a failure for 
oen clock period during the memoey cycle. See Figure 15. Note that non-parity memory modules, when accessed, 
hold PARO high which disables the parity fall gate. 

The parity bit written to memory during the restore portion of the memory cycle is generated by the check circuit on a 
write cycle. On a read cycle, the received parity bit is returned to memory. The circuits at 27B3 control this oper- 
ation. The signal WRTOA presented by a Selector Channel, is active when the Selector Channel is writing. 



30 



4. 5 Memory Protect 

Memory Address Bits 00:06 from the Processor Address Register, are presented to the optional Memory Protect Con- 
troller, Note that this provides for protection only on Processor initiated Write operations. If PSW Bit-? is set, in- 
dicating the protect mode, the signal, PRTECTO, is sent to the controller. The controller, if it recognizes a protected 
address, returns with the Change Write to Read signal (CWRO) which sets the Read flip-flop and allows the MS Bus to 
be gated to the Memory Data Register, thus creating a read cycle. 

5. DISPLAY SYSTEM 

The Display System provides a means for reading the contents of all the system registers and any core memory location, 
together with the capability of manually entering data and programs. Figure 17 shows the Control Console layout. Two 
register displays are provided. Sixteen switches provide a means for entering memory data and addresses into the 
machine. The momentary EXEcute control switch requests that any operation, selected by the 12 position rotary Func- 
tion switch and the SQL and RUN function switches, be executed. The Initialize (INT) control switch resets the system 
and peripherals. The LOCK-ON-OFF key operated security lock switch, controls power to the system and permits 
locking the controls. The Control Console is an input/output device interfaced with the Multiplexor Bus. The Display 
System is supported by a special micro-program sequence in the Read-Only-Memory. The Control Console operating 
procedures may be found in the Model 70 User's Manual, Publication Number 29-261. 
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Figure 17. Control Console 

5. 1 Block Diagram Analysis 

Refer to the block diagram on Figure 18. The Processor Multiplexor Bus is shown on the left, the Display System de- 
vice controller is shown in the center, and the Control Console is shown on the right side. 

The address logic is shown in the upper left area of the block diagram. On receiving a request for service via the 
EXEcute switch and the CATN signal, the Processor outputs the eight-bit display address (X'Ol') on Data Lines D08:15. 
This is followed by the ADRS control line which causes the decoded address to be strobed into the Address Storage flip- 
flop. The set output from this flip-flop enables all other I/O commands into the display controller logic. 

Data to the Control Console is transmitted one byte at a time. The first byte is output on Data Lines D08:15, and the 
Data Available (DA) control line is raised. This command causes the first byte of data to be strobed into Bits 8 through 
15 of Display Register Two. The DA line is then dropped, and the two-stage byte counter is incremented. The second 
byte of data is then placed on Data Lines D08:15, and the DA activated again. This process is repeated four times. 
Each time the display is addressed, the byte counter is automatically reset to zero for the first byte of data. 

Data from the Input Register data switches is read into the system one byte at a time via Data Lines D08:15. On raising 
the Data Request (DR) control line. Bits 8 through 15 of the data switches are read into the system. The DR command 
is then dropped and the one-stage byte counter is tolled, enabling the second byte of data. The DR control line is again 
activated and Bits through 7 of the data switches are read. The one-stage bj^e counter is automatically reset when 
the display is addressed. 
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i'igure 18. Display Controller Block Diagram 



The status of the control and register switches is read into the system as a single byte of encoded data by raisii^ the 
Status Request (SR) control line. The twelve positions of the register display rotary Function switch are encoded into 
Bits 4:7 of the status byte and the Control switches are encoded into Bits 0:7. The status byte is read into the system 
on Data Lines D08:15. The 32 register display lamps and the 16 data switches may be I/O programmed by the user. 
An Output Command (OC) instruction causes the CMD control line to set a flip-flop that disables the bjrtie counters from 
being reset when the device is addressed. 

The control logic is shown on the bottom of the block diagram. Depressing the EXEcute switch sets a flip-flop in the 
console attention control logic (21N7). This generates a CATN signal to the Processor. On receiving CATN, the Pro- 
cessor addresses the display, which in turn resets the flip-flop. 

The Single switch (SGL) causes the Single control line (SNGL) to go active after the EXEcute switch is depressed to sig- 
nify the Single Step Mode of operation to the Processor. A user instruction is executed each time the EXEcute switch 
.is depressed. The Initialize (INT) switch causes the resetting of the Processor, Display Panel and all I/O devices. 

5. 2 Addressing Logic 

Refer to Sheet 21. The Control Console's device number is decoded from Data Lines D08:15 by the eight-input NAND 
gate at 21L3. The Address flip-flop (ADR)(21L5) toggles set on the falling edge of ADRSl. When the display is ad- 
dressed, ASYNO goes low (21B4). ASYNO generates a return Sync, SYNO on 23G8. 

If the Command flip-flop at 21A2 is reset, SCLROF goes low to reset the two-stage byte counter at 21D3 and the one- 
stage byte counter at 21A6. 
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D, 3 Data Output 
The two-stage byte counter at 21D3 is set to zero on Initialize (SCLRO), on an Output Command to the display (21D8), 
or when the display is addressed in the Normal Mode. The state of the two-stage byte counter, the Data Available lead 
(DAI), and the set output from ADRS are input to the 19-032 one-of-ten decoder. The outputs LAO, LBO, LCO, and LDO 
correspond to the four states of the byte counter and enable the four bytes of the two display registers. The display reg- 
isters are shown on 09-051D08, Sheet 2. 

The DAO control line causes Data Lines D08:15 to be gated onto the bi-directional SD00:07 Bus (GSD1A)(21K6). On 
09-051D0S, Sheet 2, LAO gates SD00:07 into Display Register 2, Bits 08:15. LBO gates the SD Bus into Display Reg- 
ister 2, Bits 00:07. LCO gates into Display Register 1, Bits 08:15. LDO gates into Display Register 1, Bits 00:07. 

The GSDIA lead is delayed from the DAO line so that the LXO line will drop before the SD Bus drops. The trailii^ edge 
of the gated Data Available (DAGl at 21C9) increments the two-stage byte counter. 

5. 4 Data Input 

The one-stage byte counter at 21A6 is cleared by SCLROF on Initialize, Output Command, or when the display is ad- 
dressed while in the Normal Mode. When the Data Request control line (DRGl) goes high, the least significant byte 
enable goes high to gate Bits 8:15 of the data switches onto the SD 00:07 lines. (The switches are shown on Sheet 2 of 
09-051D08.) When the DRGl line goes low, the flip-flop at 21A6 todies set. The next time DRGl goes high, Bits 0:7 
of the data switches are gated onto the SD00:07 lines. DRGO generates STRBO (24G5) which gates the SD00:07 lines 
through the 19-038 dual four-to-one line multiplexors onto Bits 8:15 of the D Bus. 

5. 5 Status Input 
The status byte encoding is shown on Sheet 1 of 09-051D08, The register display rotary Function switch is encoded in- 
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two positions of the rotary Function switch, OFF/MWR and ADR/MRD, form the most significant four bits of the status 
byte. The status byte is gated onto the SD00:07 lines by the SRGO lead. SRGO generates STRBO to gate the SD00:07 
lines onto Bits 08:15 of the D Bus. Table 3 lists the status codes for the switch positions. 



TABLE 3. DISPLAY STATUS BYTE ENCODING. 
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5.6 Control Logic 

The EXEcute switch outputs, ESNOO and ESNCO, are latched in the RS flip-flop at 21N4. The differentiated output sets 
the Console Attention flip-flop (CATN) at 21K7. This flip-flop is reset by ADSYO when the Processor addresses the 
display. 

When the SGL Control switch is latched and the rotary Function switch is in a position other than OFF/MWR or 
ADR/MRD, the SSGLl lead is high. When EXEcute is depressed, the SNGL flip-flop todies set. SNGL resets when 
SSGLl is low and EXEcute is depressed. 

6. TELETYPE CONTROLLER 

The built-in Teletype device controller is used to interface an ASR/KSR 33 or 35 Teletype to the Processor. It con- 
verts serial eight level ASCII code (see Figure 19) to a parallel form for processing by the computer. 
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Figure 19. Serial ASCII Code U (Even Parity) 
6. 1 Block Diagram Analysis 

Figure 20 is a block diagram of the Teletype controller. The control circuits consist of Command flip-flops (Read or 
Write, etc), circuits to direct the flow of information (Teletype Terminal to/from Processor), and the circuits to con- 
trol the timer when transmitting/receivii^ to/from the Teletj^e Terminal. 

The serial information received from the terminal, is sampled by the timer and strobed into the Shift Register. When 
tne entire cnaracter has been Shifted in, the data is placed in a byte Buffer Register from which the Processor takes the 
parallel data. When transmitting to the terminal, the information is placed directly in the Shift Register and then shifted 
out (serially) to the terminal. 

6. 2 Multiplexor Bus Communication 

Communication between the Processor and the Teletype controller is via the low order eight bits of the D Bus. The bus 
receivers are shown on Sheet 22. The Data Lines D08:15 are buffered to form the DAL 00:07 leads The device ad- 
dress, X'02', is detected by the gate at 22G1. On the trailing edge of ADRSl, the Address flip-flop toggles set, enabling 
the other control lines. =« , "& 

6.3 Data Output 

The interface is conditioned to the Write Mode by an Output Command with D Bus Bit-12 set. The Read flip-flop at 
22R5 resets. When the Data Available line (DAO) goes low, DAGOA (23B6) and TDAGO (23B6) go low. DAGOA causes 
the 19-035 four-bit counter at 23M7 to be loaded with a '5'. TDAGO resets the RDY flip-flop at 23E3. The two Stop 
Bit flip-flops (STP)(24D4) are set, the Start Bit flip-flop (STRT)(24E3) is reset and the data to be output (on DAL 00-07) 
IS loaded into the two 19-030 four-bit shift registers (Sheet 24). When the DAO control line is removed, the TMG flip- 
flop (23G4) toggles set. As soon as TMG sets, the oscillator at 23K1 starts. The CLKl output ^3M1) is a 300 nano- 
second pulse occurring every 2.27 milliseconds or 440 Hz. CLKl steps the two-stage counter (CI and C2) to divide the 
frequency by four. Thus, the TDRO signal at 23L5 is a 300 nanosecond pulse occurring every 9. 09 milliseconds Each 
pulse increments the four-bit counter at 23M7 and, as long as the counter does not equal all ones, shifts the 11 bit Shift 
Re^ster (Sheet 24) left one position. The Counter counts up from 5 so that by the time it equals 15, the Shift Register 
has shifted ten places. . > & 

The DRSO lead from the least significant bit of the Shift Register is gated with READO and TMGl at 22C7 forming the 
TRNSO lead to ithe Teletype. ^ 

When the Counter increments from all ones to all zeros, the Cany Output (EOCO) goes low. EOCO clears the TMG flip- 
flop stopping the oscillator. 

While TMG is set, BSYl is high (23S9) indicating that the Interface is busy serializing the ei^t bit character sent to 
it. See Figure 21. 
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6.4 Data Input 

The interface is conditioned to the Read Mode by Initialize or by an explicit Output Command with D Bus BIt-13 set. 
The Read flip-flop (22R5) is set. In the Read Mode, the interface remains busy (BSY1=1) until a complete character is 
received from the Teletype. The data input line (DD0)(22F8) is quiescently high. When the Teletype starts to transmit 
a character, the DDO line goes low for one bit period, 9. 09 milliseconds, to signify the start of a character. Following 
this start bit are eight data bits and at least two Stop bits. See Figure 22. 



DDO 




Figure 22. Read Timing 



DDO causes the RDY flip-flop at 23E3 to momentarily set. This transition is differentiated to produce the STO pulse 
(23G4). STO sets TMG, clears RDY, and loads the four-bit counter at 23M7 with '5'. When TMG sets, the oscillator 
at 23K1 starts. After 4. 5 millisecond, the first TDRO pulse occurs. TDRO produces CLSRO which shifts the state of 
the DDl line injo the 11-bit Shift Register (24D1). The first bit that shifts in is the start bit that started the timer. Af- 
ter ten shifts, "the start bit will be in Bit-7 of the Data Register. The EOCO pulse generates LBBl (23R6) to clock the 
ei^t bits from the Shift Register into the byte buffer (24G1). 

The signal BSYl is high until the LBBl pulse toggles the BSY flip-flop at 22L2 set. When the Processor takes the data 
from the byte buffer, the signal DRGOA clears the BSY flip-flop at 22L2 and BSYl again goes active. 

6. 5 Status and Commands 

The interface is initialized to the Read Mode and is consequently busy until a character is processed. If another char- 
acter is processed before a Data Request is received, the ERR flip-flop (22M2) toggles set to indicate the overflow con- 
dition. 

The Block Command sets the BLK flip-flop (22L4). In Block Mode, serial data received from the Teletype is not echoed 
back. In the Unblock Mode, serial data received is turned around by the gate at 22C8 and transmitted back to the Tele- 
type. 

In the Write Mode, the interface is busy only for the time that TMG is set. 

The Device Unavailable status bit (DU) is active when the Teletype is off-line or powered down. The DU network on 
Sheet 22 senses the open circuit condition from Pin 10 of the stub cable and raises the DUl lead. 

The Break status occurs when a Stop Bit is not received from the Teletype. When the EOCO pulse occurs, the input 
data line should be high to set the RDY flip-flop (23E3). If TMG resets, and RDY did not get set, the BRKl signal at 
22D9 goes high. 
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Teletype status is gated onto Data Lines D08:15 by the 19-038 Dual four-to-one line multiplexors on Sheet 24, when the 
ADRSAl and ADRSBl gating leads are both low. These leads are generated at 23F6 as follows: 



TTY Status Request 
TTY Interrupt Acknowledge 
TTY Data Request 
Display Data Request 

Display Status Request 

TABLE 4. TELETYPE STATUS AND COMMAND BYTE 
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ERR The Error bit is set when a character is not taken from the controller buffer before another character 

is assembled. 

BRK The Break bit is set at the end of one character time when the line Is held in the space condition for a 

period greater than a character period. 

BSY Read Mode - The Busy bit is normally set and is reset when data is available for transfer to the Processor. 

Write Mode - The Busy bit is normally reset and is set when data is being transferred to the terminal. 

EX The Examine bit is set when BRK or ERR is set. 

DU The Device Unavailable bit is set when the terminal is powered down or in Local Mode. 

DISABLE Disables device interrupts; allows queuing of interrupts. 

ENABLE Enables device interrupts. 

Note: A command byte with both Bits and 1 set Disarms the interface (no interrupt queuing), 

UNBLOCK Allows Printer to print data entered via keyboard or tape reader, 

BLOCK Disables the Unblock feature. 

WRITE The interface is placed in the Write Mode, 

READ The interface is placed in the Read Mode, 

6,6' Interrupt Circuit 

The Teletype controller is prevented from queuing interrupts when the Arm flip-flop is reset (24B3). The interface is 
disarmed by SCLRO or by the Disarm Output Command. The Arm flip-flop sets whenever an Output Command Enable 
or Disable is received. If armed, the ATN flip-flop sets whenever an Output Command Enable or Disable is received. 
If armed, the ATN flip-flop (24B7) also sets on the negative going transition of BSYl, If EBL is also set ^4B8), the 
ATNO lead at 24C9 goes low. 

The Processor responds to an ATN by executing an Acknowledge Interrupt. The ACKAOOO lead (20N6) goes low. This 
lead is connected to the RACKO input (24A1) to the Teletype controller if the Teletype is to be first in priority. When 
RACKO goes low, if ATN and EBL are set, the signal ATSYNO goes low. If either ATN or EBL is reset, the TACKO 
lead to the next device controller in the daisy chain goes low. 

ATSYNO todies the ATN flip-flop reset and gates the Teletype's device number onto Data Lines D08:15, by way of the 
DAL 00:07 inputs to the 19-038 multiplexors on Sheet 24. 
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7. MAINTENANCE 

This section describes maintenance procedures which may be used to check and, if necessary, adjust the Processor. 

7. 1 Clock Timing 

There is only one adjustment associated with the system clocks. The variable Capacitor C9 on the I/O mother-board is 
very stable and should not require field adjustment. The adjustment should only be changed after the test indicates that 
it Is out of tolerance and there are no faulty components in the system. 

1. Force the RD Register to all ones by grounding the DISRO signal at Pin 217-1 on the ROM board 
and depress the Initialize switch. 

NOTE 

Exercise care in grounding points in the 
digital system as some components may be 
damaged if the wrong pins are grounded, 

2. Use an oscilloscope to check that the period of the SCLO at Pin 211-1 on the I/O mother board is 250 nano- 
seconds. Adjust Capacitor C9 to get the 250 nanosecond period. The pulse width is dependent on a decoded 
state of the clock counter. Check the associated logic if there is a discrepancy. 

3. Check that the following system clocks occur at the same time as SCLO: 

DCLO 121-0 

RCLO 225-1 

RDSTBO 228-0 

If a discrepancy occurs, check the associated logic. 

4. Check that T21 and T21NS1 occur approximately 80 nanoseconds after the rising edge of SCLO and last 
for approximately 50 nanoseconds. These clocks are available on the I/O mother-board at Pins 229-0 
and 123-0 respectively. These clocks are also decoded states of the clock counter. 

5. Check that T2SYS1 on the ROM mother board (12-087) is a 30 nanosecond pulse occurring during T21 and 
about 20 nanoseconds after the rising edge of T21. 

6. Check that STCLKl is a 30 nanosecond pulse occurring during DCLO and approximately 25 nanoseconds 
after the fallii^ edge of DCLO (06-107 on the ALU mother-board). 

7. Remove the ground from Pin 217-1 on the ROM back panel. 

7.2 Memory Timing Adjustments 

Refer to Figures 15 and 16. Timing adjustments are checked by grounding Console Attention (CATNO), Pin 238-1 on 
the I/O Control Board at Position 05 in the Processor chassis. The Control Console rotary Function switch should be 
placed in the Memory Read (MRD) position with the Single (SNG) switch depressed. Ssmc may be obtained from the 
STARTl Test Point on the Memory Control board at Position 04 of the Processor chassis. 

Timing for the Memory Control is generated by the 19-042 delays at 30C3 (A102) and 30C5 (AlOl). These delays ad- 
just the set time of the DUA and the XMB or PMB flip-flops. 

The output at Pin 04 of A102, a high going pulse, should be approximately 200 nanoseconds such that the DUA flip-flop 
is set for one clock period (250 nanoseconds) foUowii^ the first SCLl pulse after memory start. 

The output at Pin 12 of A102, a low going pulse, should be approximately 400 nanoseconds such that a 70-100 nanosecond 
Memory Busy Clear Pulse (MBCLIP) occurs at Pin 13 of AlOl, approximately 450 nanoseconds after memory start. The 
MBCLIP should occur between the second and third SCLl following memory start. Its function is to clear the XMB or 
PMB flip-flops depending on whether the Selector Channel or the Processor started memory. 
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Timing for memory modules (ERO, LRO, INHO, and WO) is indicated in Figure 16. These pulses are generated by the 
19-042 delays at 30G3 (A103), 30G7 (A104), and 30C7 (A105). All signals are initiated by the STAETl pulse. 

ERO, generated by the A103 delay, should be 300 nanoseconds at 204-0. Pin 12 of A1D3 should be a 60 nanosecond pulse 
which determines the time between the falling edges of the ERO and LRO pulses. 

The output of the A104 delay, DLAYB (Pin 13) and DLAYC (Pin 05), determine the start of the INHO and WO pulses re- 
spectively from the rising edge of the ERO pulse. They should be 120 and 180 nanoseconds respectively. 

Finally, the width of the INHO and WO pulses is determined by the delays at A105, Pins 13 and 12 respectively. 

All delays are factory adjusted and should not require field adjustment. 

7. 3 Teletype Controller 

Refer to the vendor operating and service manuals for maintenance information on the terminal being used. The over- 
all operation of the terminal and interface can be checked by running the 06-004 test program. 

The only adjustment on the Teletype controller is the potentiometer (R63) on the oscillator. A check of the timing can 
be made as follows: 

1 . Initialize the interface. 

2. Connect an oscilloscope to C21, Pin 6 of I C 14 
Vertical scale: 2 volts/centimeter 
Horizontal scale: lOms/centimeter 

3. Generate a continuous stream of data from the terminal by tape or by the REPEAT key function of the 
keyboard. 

4. Adjust the oscillator for the waveform shown on Figure 23. 

7.4 Overall Processor Test 

Use the 06-106 Model 5 Test Program to perform a comprehensive test of the Processor. 



i-i--\ — \ \-H-\ h--+--H--f-hH-(--H--H-H--+-H l-H \ — h 



9.09 m» 



h- 



■100 m» (II CYCLES)- 



Figure 23. Character Timer Adjustment 
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8. MNEMONICS 



The following list provides a brief description of each mnemonic found in the Model 70 Processor. The source of each 
signal on Schematic Drawing 01-051D08, is also provided. 



MNEMONIC 
ABETO 

ACKAOO 

AD 

ADMHl 

ADR 

ADRSO 

ADRSAl 

ADRSBl 

ALRM131 

ALRM141 

ARLM151 

AMODO 

AR00:15 

ARSTl 

ASTO 

ASYNO 

ASYNOA 

ATNO 

ATSYNO 

B 

B130 

BANK 

BLKDTO 

BRAl 

BRKl 

BSY 

BSYl 

C1,C2 

CATNO 



MEANING 
Abort Phase Two sequence 

Acknowledge Interrupt Control Line 

TTY Address flip-flop 

TTY Address Select 

Display Address flip-flop 

Address Control Line 

Display /TTY D Bus gating lead 

Display /TTY D Bus gatii^ lead 

Data Parity Fail Alarm 

Instruction Parity Fail Alarm 

Early Power Fail Alarm 

Address Modification 

Automatic Restart 

TTY Timer Start 

Display Address Sync 

TTY Address Sync 

I/O Attention Test Line 

TTY Interrupt Acknowledge Sync 

B Bus 

B Bus Bit-13 

Bank flip-flop 

Block Serial Data Transfer 

Branch 

Line Break 

Busy flip-flop 

Busy 

TTY Time Counter flip-flops 

Console Attention 



SCHEMATIC LOCATION 
4N4 

20N5 

22J1 

22H1 

21L5 

20L5 

23E6 

23E5 

17K7 

17L7 

17N7 

9A2 

oiioot -Li. 

18J1 

23G3 

21B4 

23B5 

18N1, 24C8 

24B5 

Sheets 11,13, 

16,20,29 

4F4 

12M9 

22N4 

18H8 

22D9 

22L2 

23M9 

23J4, 23J5 

21N9 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



CC121:151 

CEMTO 

CG 

Gil 

CL070 

CLKO 

CLKl 

CLKOFFO 

CLKSTPO 

CLMF 

CLRO 

CLRAO 

CLRBO 

CLRBKO 

CLRIRO 

CLRSTO 

CLSRO 

CMDO 

CMDGO 

CMDGOA 

CMNDl 

CMODE 

CP 

CRYO 

CSl 

CSLO 

CSRO 

CSVl 

CTESTl 

CTFl 

CTLT21 



Condition Code Bits 12:15 

v-'OuntcT iiiinpLy 

Gated ALU Carry 

Carry In 

Control Line 7 

System Clock Oscillator Output 

TTY Timer Clock 

Clock Off 

Clock Stop 

Clear Memory flip-flops 

Clear Function 

Clear ROM Address Higher 

Clear ROM Address Lower 

Clear Bank and Utility flip-flops 

Clear Instruction Register 

Clear Memory Timer 

Data Register Clock 

Command Control Line 

Gated Command Line pisplay) 

Gated Command Line (TTY) 

Command 

Counter Mode flip-flop 

Propogated ALU Carry 

Carry 

Cross Shift 

Command Shift Left 

Command Shift Right 

Carry Save 

Command Test 

Change Test Flags 

Counter is Less than Two 



Sheet 17 

27C9 

Sheet 14 

14A5 

19D5 

19B6 

23M1 

19B6 

19M4 

30H8 

9N4 

5C3 

5B3 

12K9 

9A7 

30J3 

23R6 

20M5 

21D9 

23B8 

13G7 

13M8 

Sheet 14 

15A5 

8M6 

13J8 

13G8 

14D7 

17M3 

14S9 

13K7 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



CTONEl 

CTE121:151 

CWRO 

D 

Dl 

DAO 

DAGO 

DAGO A 

DAL 

DCO 

DCAKO 

DCLO 

DDO 

DDCl 

DECTRO 

DIFFl 

DISBO 

DISRO 

DIVO 

DLAYAO 

DLAYBl 

DLAYCl 

DRO 

DR001B:071B 

DRDO 

DRD081 

DEGl 

DRGOA 

DRSO 

DSTO 

DTESTO 



Counter Equals One 

Counter Bits 12:15 

Change Write to Read 

D Bus Bits 

DO Micro-Instruction 

Data Available Control Line 

Gated Data Available (Display) 

Gated Data Available (TTY) 

Data Available Lines 

Data Channel Request 

Data Channel Acknowledge 

Destination Clock 

Device Data (TTY) 

DO or Command 

Decrement the Counter 

Different Signs 

Disable Memory Start 

Disable ROM 

Command Divide 

ERO/LRO Delay 

ERO/INHO Delay 

EROMO Delay 

Data Request Control Line 

TTY Data Buffer Register 

Data Channel Read/Write Test Line 

DO and RD Bit- 8 

Gated Data Request pisplay) 

Gated Data Request (TTY) 

Data Register Start Bit 

I/O Device Clock Stop 

True Interrupt Test on Phase 2 DO 



27C9 

Sheet 27 

27R9 

Sheets 16,20,24 

8C5 

20M5 

21C8 

23B6 

Sheet 22 

18R1 

20K5 

19M9 

22F8 

8B5 

13F8,18E9 

17G3 

9E8 

6A7 

13J8 

30F4 

30G8 

30F8 

20N5 

Sheet 24 

18M1 

8J9 

21C8 

23B7 

24E4 

4A4 

18M9 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



EBL 

EN 

ENO 

ENABLl 

EOCO 

EPFO 

EROA 

ERl 

ERRl 

ESNCO 

ESNOO 

EXl 

EXES! 

EXTCLKO 

FASTO 

FLE 

FMDBY 

FMDUA 

FPMBY 

FRCLOCO 

FRNSl 

FSTl 

FSYNO 

GA 

GB 

GCMNDl 

GDESTl 

GDESTIA 

GDRLO 



Device Unavailable 
Abort Enable flip-flop 

ROM Page Enable 

External Memory Request Enable 

TTY Interrupt Enable 

TTY End Ctf Character Detect 

Early Power Fail 

Early Read, memory timing lead 

Early Read, memory timing lead 

TTY Interface Overflow Error 

Execute Switch Normally Closed Contact 

Execute Switch Normally Open Contact 

Examine Status 

Execute Switch Depressed 

External Clock Input 

Fast External Interrupt Test Line 

Flag Register 

Memory Data Register Busy flip-flop 

Memory Data Unavailable flip-flop 

Processor Memory Busy flip-flop 

Force Location Counter to be Source and Destination 

Flag Register Bits 14 and 15 Not Set 

Fast External Interrupt Test Line 

False Sync 

Gated AR Input to ALU 

Gated B Bus Input to ALU 

Clocked Command Micro-Instruction 

Gated Destination Enable 

Gated Destination Enable 

Gated Data Request Lines (Display) 



30D4 

4S3 

Sheet 6 

30L4 

24E8 

23M7 

19G3 

30G4 

30E6 

22M2 

21N3 

21M3 

22N1 

21N5 

19E6 

18B5 

Sheet 17 

30N4 

30J4 

30M4 

9J4 

17N5 

18B8 

4F2 

Sheet 12 

Sheet 14 

13L7 

10D3 

18D2 

23B5 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



GDROMO 

GIOl 

GMD160 

GMSIRl 

GMSMDl 

GO 

GOBRAO 

GR 

GTP20 

GTP30 

GW 

HDESTO 

HIDUO 

HWO 

ILEGO 

INHO 

INHINCO 

INITO 

INTAO 

INTBO 

m 

IRAl 

J AC CO 

JCLl 

KILDSTO 

KSKIPO 

LAO 

LARCLKl 

LARl 

LARYSO 

LEO 



Gate DROM Output 

Gated I/O Control Line 

Gated MD Bit-16 

Gate MS Bus to IR 

Gate MS Bus to MDR 

GO flip-flop 

GO Branch 

Gate Read Register Stack Enable 

Go to Phase 2 

Go to Phase 3 

Gate Write Register Stack Enable 

Load SRH 

ROM Read Inhibit 

Halfword I/O Test Line 

Illegal Instruction Detect 

Inhibit, memory timing lead 

Inhibit RAL Increment 

Initialize Switch 

Interrupt Set A 

Interrupt Set B 

Instruction Register 

Clear, Jam, and Alarm DO Option Timing Lead 

Jam Alarms to Condition Code 

ROM Address Jam Clock 

Kill Destinations 

Reset Skip flip-flop 

Load Display Byte A 

AR Loading Clock 

Load AR 

Load AR from YS 

Load Display Byte B 



9H7 

4A2 

27R5 

2 8 A3 

26B2 

19D9 

18H9 

Sheet 10 

9D8 

9G7 

Sheet 10 

8D7 

8A1 

9K1 

8K8 

30C9 

5R2 

19A4 

17R9,18N3 

18R4 

Sheet 28 

9M3 

9L4 

9H7 

4N4, 13N9 

9F7 

21F9 

12A2 

8F9 

9C3 

21F9 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



LBBl 

LCO 

LCCO 

LDO 

LDOl 

LDIO 

LDIOl 

LDCTRO 

LDCLRO 

LDFLRO 

LFLRO 

LINE 

LIRO 

LLOCO 

LMARO 

LMASl 

LMDHl 

LMDLl 

LMDRl 

LOADl 

LPSWO 

LRO 

LRAHO 

LRALO 

LSRLO 

LYDO 

Ml 

MA 

MALFl 

MAR 

MBO 



Load TTY Byte Buffer 

Load Display Bjrte C 

Load Condition Code from FLR 

Load Display Byte D 

Load Destination Address (RAH) 

Load Destination Address 1 (RAL) 

Load I/O 

Load CTR 

Load FLR or CLR 

Load FLR 

Load FLR 

I/O Control Line flip-flop 

Load IR 

Load LOC 

Load MAR 

Load MAS 

Load MDR High 0:7 

Load MDR Low 8:15 

Load MDR 

Load Micro-Instruction 

Load PSW 

Late Read, memory timing lead 

Load RAH 

Load RAL 

Load SRL 

Load YS, YD or YDPl 

ALU Control Line 

Memory Address Bus 

Machine Malfunction 

Memory Address Register 

Memory Busy 



23N6 

21F9 

9M4 

21F9 

18D8 

18E8 

20K3 

8C7 

17R4 

17S3 

8D7 

4C4 

8D7 

8G8 

8G9 

2 5 A3 

26A5 

26A7 

8F8 

8D5 

8H8 

30E6 

18C8 

18K9 

8D7 

8C7 

13J5 

Sheet 25 

17R9 

Sheet 25 

30M3 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



MBCLO 

MBCLIP 

MCLRl 

MD 

MDO 

MDR 

MDRCLRO 

MNBl 

MPYO 

MS 

MSKl 

MSSTO 

MS TO 

MWPWO 

NAO 

NOCSO 

NOMEMO 

OP 

OSCl 

POO 

PIO 

P21 

P30 

PCO 

PCI 

PERRl 

PFO 

PFDTO 

PFFl 

PHENl 

PMB 



Memory Busy Clear 

Memory Busy Clear Pulse 

Memory Clear Input 

Memory Data Bus 

Multiply or Divide 

Memory Data Register 

MDR Clear 

Memory Enable 

Multiply 

Memory Strobe Bus 

Mask m4 and CC Test Line 

Memory Contention Clock Stop 

Memory Contention Clock Stop 

Memory Write or Priviliged Write 

No AR to ALU 

No Cross Shift 

Surpress Memory Read 

Operation Length flip-flop 

Oscillator Output 

Phase Zero 

Phase One 

Phase Two 

Phase Three 

Phase Counter Bit-0 

Phase Counter Bit-1 

Parity Error Detect 

RAL Increment Internal Carry 

Power Fail Detect 

Parity Fail 

Phase Change Enable 

Processor Memory Busy flip-flop 



30C4 

30C6 

30A1 

Sheet 26 

13H9 

Sheet 26 

26A2 

30M7 

13H7 

Sheet 26 

29R8 

4L2 

4J2 

8B9 

13R4 

9K3 

9E9 

4L9 

19C8 

9K4 

9D7 

9F4 

9G5 

9F3 

9F3 

27J6 

5E8 

19D4 

27J9 

9F9 

30R5 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



POFFO 

POWO 

POWDNO 

PPFO 

PR5 

PRTECTO 

PSELO 

PSTAETO 

PSW 

RAl 

RACKO 

RACLRO 

RAH 

RAL 

RBI 

RCLO 

RD 

RDSTBO 

RDYO 

READ 

READ 

REQO 

RMAl 

RMBl 

RMSO 

RRO 

RSO 

RUN 

RYDl 

RYSl 

S 



Power Off (Switch Contact) 

Command Power Down 

Power Down 

Primary Power Fail 

Pullup Resistor 

Memory Protect Test 

Processor Selected 

Processor Memory Start 

Program Status Word 

User's Stack Read Enable 

Receive Acknowledge Control Line 

ROM Address Register Clear 

ROM Address Higher 

ROM Address Lower 

User's Stack Read Enable 

ROM Address Clock 

ROM Data Register 

RD Strobe 

TTY Ready 

TTY Read flip-flop 

Memory Read flip-flop 

External Memory Request 

Micro Stack Read Enable 

Micro Stack Read Enable 

Read Micro Stack 

RR User Instruction 

RS User Instruction 

Run flip-flop 

Read YD, 

Read YS 

S Bus 



19A4 

19L2 

19J2 

19J3 

12N9 

27N9 

30L8 

30N7 

Sheet 29 

10H8 

24A1 

9B7 

Sheet 5 

Sheet 5 

10F8 

19L9 

Sheet 8 

19L9 

23E3 

22R5 

27N9 

30L1 

ior4 

10F4 

10D5 

4M8 

4M8 

8J7 

10A5 

IOCS 

Sheet 14 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



S01,S11,S12 

SCLO 

SCLRO 

SD 

SFLR120 

SFLR130 

SFLR140 

SFLR150 

SHIO 

SHCAl 

SHCBl 

SHLl 

SHOTl 

SHRl 

SLOO 

SNGLO 

SRO 

SRAH 

SRAL 

SRD 

SRDYO 

SEGO 

SRGOA 

SEH 

SRHMOl 

SRHMll 

SRL 

SRLCIl 

SRLMOl 

SRLMll 

SSGLl 



ALU Control Lines 

System Clock 

System Clear 

Display Status and Data Bus 

Set FLR12 (C) 

Set FLR13 (V) 

Set FLR14 (G) 

Set FLR15 (L) 

Input High Data Switches 

Shifter Control Line 

Shifter Control Line 

Shift Left 

Bit Shifted Out 

Shift Right 

Input Low Data Switches 

Single Mode 

Status Request Control Line 

Set RAH 

Set RAL 

Set RD 

TTY Set Ready 

Gated Status Request (Display) 

Gated Status Request (TTY) 

Shift Register Higher 

SRH Mode Control Lead 

SRH Mode Control Lead 

Shift Register Lower 

SRL Carry In 

SRL Mode Control Lead 

SRL Mode Control Lead 

Set SNGL flip-flop 



Sheet 13 

13G1,19J9 

19N1 

Sheet 21 

17D4 

17G4 

17J3 

17L4 

21A9 

12 B9 

12C9 

8N6 

13C9 

8N6 

21A9 

21H8 

20R5 

Sheet 4 

Sheets 4, 9 

Sheets 6, 7, 8 

23D3 

21B7 

23B7 

Sheet 15 

15L4 

15M4 

Sheet 15 

15S4 

15R4 

15N4 

21H7 
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MNEMONIC 



MEANING 



SCHEMATIC LOCATION 



SSKIPO 

SSMEMl 

STO 

STAETl 

STBRl 

STFO 

STFLO 

STOPO 

STPAO 

STPCO 

STPSYS 

STRBl 

SUBO 

SVO 

SVACO 

SVSCO 

SYD 

SYNO 

SYNCHO 

SYS 

SYSCLl 

T21 

T21NS1 

T21SY1 

TACKO 

TDAGO 

TDRO 

TESTl 

TESTA 

TEA 

TFB 



Set Skip 

Solid State Memory Control Line 

TTY Data Start 

Memory Start 

Store or Branch 

Set Test Flags 

Set Test Flags 

Clock Stop (Phase Zero) 

Memory Contention Clock Stop 

MPY, DIV, and RPT Clock Stop 

Stop System flip-flop 

Display /TTY D Bus Strobe 

Subtract 

Set V Flag 

Save Adder Carry 

Save Shifted Carry 

Decoded YD Field Bits 

System Synchronize 

Receive Synchronize 

Decoded YS Field Bits 

System Clock 

Time 2 (Clock) 

Unskipped T21 

T21 and SYSCLl 

Transmit Acknowledge 

TTY Gated Data Available 

Toggle TTY Data Register 

Test Micro- Instruction 

Abort Test flip-flop 

Clock Timer flip-flop A 

Clock Timer flip-flop B 



9B7 

3n T-i 
uu J- 

23J3 

30G2 

4N8 

8R7 

8E9 

9C4 

4J4 

13R9 

19J4 

23E6 

13K5 

4F4 

8S7,13B4 

8S6,13A4 

Sheet 10 

4E1, 23G7 

4D4 

Sheet 10 

19E8 

19J9 

19K9 

9A6 

24A9 

23B6 

23 L5 

18 MS 

4M3 

19G7 

19G8 
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MNEMONIC 

TIRO 

TMGO 

TPl 

TEA 

TRNSl 

TTESTO 

UDIOO 

UIR41 

ULARl 

ULARIA 

UMDRl 

USE HO 

USELO 

USTRBO 

UT 

WO 

WAl 

WAITO 

WAITI 

WBl 

WMAl 

WMBl 

WMSO 

WRTOA 

WYDl 

WYSl 

XO 

XMBSO 

XMBYO 

XSTARTO 



MEANING 

Toggle IR 

TTY Timing Gate 

Toggle TTY Data Register 

RAL 

TTY Data Transmit 

True Testable Function 

Unload I/O 

Unload IR 08:11 

Unload AR 00:07 

Unload AR 08:15 

Unload MDR 

Unload SRH 

Unload SRL 

Unload Register to B Bus 

Utility flip-flo'i 

Write, memory timing lead 

Write User Stack Enable 

Wait flip-flop 

Wait flip-flop 

Write User Stack Enable 

Write Micro Stack Enable 

Write Micro Stack Enable 

Write Micro Stack 

Memory Write Control Line 

Write YD 

Write YS 

Conditional Cross Shift 

External Memory Busy (Slave) 

External Memory Busy 

External Memorj' Start 



SCHEMATIC LOCATION 

28S3 

23G4 

23H1 

Sheet 5 

22C8 

18H5 

18D5 

18F3 

13N5 

13N5 

18C4 

18E5 

18D5 

18C5 

1 n-r r\ 

30B9 

loss 

8L7 

21R4 

10E8 

10G4 

10G4 

10J5 

27L2 

10H5 

10J5 

9E9 

30M5 

30L5 

30L6 
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02-211A21 
March 1971 



SERIES 5 MEMORY 
MAINTENANCE SPECIFICATION 

1. INTRODUCTION 

This specification applies to the INTERDATA Series 5 Memories listed in Table 1. 

TABLE 1, SERIES 5 MEMORIES 



INTERDATA PART NUTVIBEK 


SPEED 


SIZE 


CONFIGURATION 


02-211 FOl 
02-211F02 


1,0 us 
1, us 


4KB 

4KB 


4KX17* 
4KX16 



*The seventeenth bit is a parity bit. 



2. SCOPE 



This specification describes the operation of the Series 5 Memory. It does not include Processor to Memory Interface 
information, except the inputs necessary to operate the Memory and the resultant outputs provided by the Memory. A 
brief review of core memory theory precedes the detailed circuit description. This specification also provides a block 
diagram analysis, timing information, troubleshooting and maintenance information, and a mnemonics list. 

3. PHYSICAL DESCRIPTION 

The Series 5 Memory consists of one mother-board (approximately 15" x 15") that can be installed in a card file on 
0. 75 inch centers. Figure 1 shows the physical location on the mother-board of the major circuit blocks comprising 
the Series 5 Memory. A back panel Map is shown in Functional Schematic 02-211D08, Sheet 6. 



C VT POT 



C STROBEPOT 



X MATRIX 



X COLUMNS 



X AND Y 

CURRENT 

RESISTORS 



INHIBIT 



BIT 16 



BIT 



VT 

AND 

STROBE 



CORE MEMORY 



BITO 



SENSE 



BIT 16 



Y COLUMNS 



Y MATRIX 



LOGIC 



Figure 1. Series 5 Memory Basic Layout of Major Circuit Sections 



4. BASIC CORE MEMORY THEORY 

This memory is wired in a coincident current, 3D, 3 wire configuration. As an aid in describing basic core switching 
techniques, a portion of the core plane in the Series 5 Memory is illustrated in Figure 2, where the core orientation and 
wiring configuration of four typical bit planes are shown. Although there are numerous core and wiring configurations 
existing in various types of memories, the basic core theory still holds for any version. 

A core is switched by applying one-half the current, necessary to switch the core, to the appropriate X and Y drive lines. 
One core in each plane is thereby addressed. During a Read operation, current flow in the drive lines is such as to force 
the cores to the ZERO state. Nothing occurs in any core which is already in the ZERO state. However, if a core is in 
the ONE state, the core switches. When the core changes state, a signal is induced in the sense winding for that bit 
plane. The induced signal is used to generate a 0>fE indication for that bit position. During a Write operation, current 
flow is in the opposite direction in the drive lines, and tends to force the cores to the ONE state. An opposing current 
is applied to the inhibit winding for each bit plane which is to remain at ZERO. 

The arrows corresponding to current direction in Figure 2 indicate the current direction necessary through all cores for 
a Write operation. A half current on XO and YO will switch the cores at the intersection of XO/YO to the ONE state; if 
an XO/YO core in a particular bit plane is to remain in its present (ZERO) state, an inhibit current in the appropriate bit 
plane is also applied to cancel one of the X or Y half currents. During Read, the inhibit current is never applied and the 
current direction for the X and Y wires is reversed. 
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NOTE : CURRENT DIRECTION SHOWN FOR WRITE PORTION OF MEMORY CYCLE. 



Figure 2. Basic Three Wire, 3 D Memory 



5. SERIES 5 MEMORY CORE PLANE CONFIGURATION 

For clarity, the core plane wiring is shown la two parts. Figure 3 depicts the X and Y wires and Figure 4 depicts the 
Sense-Inhibit wires. 

Each bit plane contains 64 rows of cores in the horizontal direction (64Y), with each row containing 64 cores (64X), for 
a total of 4096 cores (Figure 3). The X and Y wires are common to all bit planes. For a non-parity memory, the cores 
in Bit 17 are omitted and the X wires terminate as shown. Each bit plane has a pair of Sense-Inhibit windings (Figure 4). 
These serve a dual purpose: during a Read operation they are used to sense the readout of the cores; during a Write 
operation, they are used to carry inhibit current. The operation of the core plane is described in greater detail later in 
this specification. 
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Figure 3. X and Y Core Plane Wiring 



Note that the cores are oriented in opposite alignments for specific bit planes. The inhibit current direction alternates 
in every other bit plane. Inhibit current for bits 0, 2, 4, 6, 8, 10, 12, 14, and 16 flows from + 16.5 volts (at the inhibit 
end) to ground (at the sense end). Inhibit current for bits 1, 3, 5, 7, 9, 11, 13, and 15 flows from ground (at the sense 
end) to - 16. 5 volts (at the Inhibit end). As shown in Figure 4, the inhibit current direction (in any bit plane) in the first 
two rows of cores (and subsequent alternate pairs of rows) is In the opposite direction from the second two rows of cores 
(and subsequent alternate second pairs of rows). 

Since the Y write current must be such as to always oppose the direction of Inhibit current (see Figure 2), the Sense- 
Inhibit wiring pattern dictates that the Y write current of a pair of Y wires be in a direction opposite to the next adjacent 
pair of Y wires. This is described in greater detail later in this specification. 

The Sense-Inhibit wiring pattern used in the Series 5 Memory minimizes noise, thereby maximizing readout ZERO-ONE 
separation. 
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Figure 4. Sense-Inhibit Core Plane Wiring 



6. BLOCK DIAGRAM ANALYSIS 



The Block Diagram for the Series 5 Memory is on Sheet 6 of Functional Schematic 02-211D08. It consists of five basic 
blocks. The Logic Block receives the four main timing pulses, LRO, WO, ERO, and INHO, and sends a parity indicating 
signal (PARO) signifying whether or not the memory has a parity bit. The logic contains double inverting gates for fan-out, 
and a decoder that generates other timing pulses used in the Y access. 

The Y and X Access Blocks receive external memory addresses and timing pulses from the input logic. Each block 
contains decoders, current switches and drivers, and a diode matrix. Sixty-four wires from the Y Diode Matrix and 
64 wires from the X Diode Matrix are threaded through the core plane. 

The Inhibit and Sense Block receives memory data and sends memory sense pulses. Each pair of the 17 pairs of dual 
purpose sense-inhibit wires is threaded through its corresponding bit core plane. The Inhibit and Sense Block also 
contains the inhibit current drivers, sense amplifiers, strobe circuit, and bus sending and receiving gates. 

7. TIMING 



The timing for the Series 5 Memory is shown in Figure 5. 
± 9 nanoseconds. 



The pulse widths and pulse timing must be maintained within 
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Figure 5. Series 5 Memory Timing 

For a Write (Erase and Write) operation, ERO (Early Read) which controls Y drive current, is lowered at Tq after 
the address (MAOOO - MA140) has settled. LRO (Late Read) which controls X drive current, is lowered 60 nanoseconds 
after ERO is lowered. Both ERO and LRO are raised at the same time, at 300 nanoseconds. The addressed word is 
read and switched to ZERO, and gated onto the MS Bus. The Read data is not written back into the same address loca- 
tion. The net effect is an erase of data in the addressed location. 

INHO (Inhibit Current Control) is lowered 120 nanoseconds after ERO and LRO are raised, followed 60 nanoseconds later 
by the lowering of WO (Write), which controls the X and Y drive current. WO is raised 60 nanoseconds before INHO. 
New data is written into this addressed location depending on MDOOO - MD160. Raising the MD line signifies a ZERO; 
lowering the MD line signifies a ONE. 

The Read (Read-Restore) operation timing functions in the same manner as in the Write operation, except that data 
read out is written back into the same address location. 

Output PARO is a DC level. When the Series 5 Memory is addressed, PARO is high if the memory does not have a 
parity bit and low if it does have a parity bit. This allows Parity Core Memories and Non-Parity Core Memories to be 
intermixed in the same system, 

8. ADDRESSING 

Addressing in the Series 5 Memory requires the selection of two core plane wires. Figure 6 tabulates the memory 
address assignments. MAOOO, MAOIO, and MA020 are used in selecting up to one -out -of -eight memory boards. This 
is accomplished on the back panel pins of memory slots in the Processor card file and expansion card file, where each 
memory slot is vmiquely preconnected so that each memory responds to its one-out-of-eight address code. Memory 
boards can easily be interchanged without necessitating any wiring changes on the memory board itself. Refer to Schematic 
02-211D08, Sheet 6, for the memory back panel map and the address decoding table. 



The X access contains an 8 x 8 diode matrix to drive current in the 64 X wires. MA030, MA040, and MA050 are used 
for the X column selection, while MA060, MA070, and MA080 select the X lines. The 64 Y wires are driven by an 
8x8 diode matrix In the Y access. MA090, MAIOO, and MAllO select the Y columns and MA120, MA130, and MA140 
are used in the selection of the Y lines. 
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Figure 6. Memory Address Assignments 

Figure 7 shows a simplified schematic of the Series 5 Memory with Bits and 15 used for illustrative purposes. The 
sense-inhibit wiring pattern for Bits and 15 is shortened and simplified. The sense amp ends, exit the bit planes in the 
Y62 an Y63 rows (see Figure 4 for the precise wiring pattern). The direction of inhibit current is shown for each bit 
plane. Note that in order for the Y current to be opposition to the inhibit current at each core location, appropriate 
switches must be closed. The currents in YLOO and YLOl must be opposite to those in YL02 and YLOS. This current 
direction alternates throughout successive pairs of Y lines. See Section 9 and Functional Schematic 02-211D08, 
Sheet 2, for more detailed information on the Y access. 

Examples of core switching are tabulated in Table 2, referencing Figure 7. SI through S16 represent switching circuits. 

TABLE 2. CORE SWITCHING EXAMPLES 



OPERATION 


SWITCHES CLOSED 


Read Core AO and Al* 
Read Core CO and CI* 
Write One in A O and Zero in Al 
Write Zero in AO and One in Al 
Write One in CO and Zero in CI 
Write Zero in CO and One in CI 


X 


Y 


Inhibit 


S2, S3 
S2, S3 
SI, S4 
SI, S4 
SI, S4 
SI, S4 


So, Si4 
SIO, SIS 
S6, S13 
S6, S13 

S9, S14 
S9, S14 


SI 6 
SI 5 
816 
SI 5 



*Cores BO/Bl operate in same fashion as the AO/Al cores; DO/Dl operate the same as CO/Cl. 
9. CIRCUIT DESCRIPTION 



9.1 Introduction 

This section describes the Series 5 Memory circuits shown on Functional Schematic 02-211D08. The decoders referenced 
in the logic and Y and X access sections, are one-out-of-ten decoders in which only eight, or fewer, outputs are used for 
one-out -of-eight decoding. A hi^ on the D input (pin 12) of any decoder enables the last two outputs that are not used, 
and disables the first eight outputs. Therefore, the D inputs to the decoders are driven by timing pulses which either 
enable or disable a decoder. The access decoder outputs are activated, in order, by the memory addresses, with input 
A being the least significant and the timing pulse on input D being the most significant. 

The zone location in the schematics of components referenced or which generates signals referenced during the course 
of the following descriptions are provided in parenthesis after the circuit designation or signal mnemonic. 

9.2 Logic 

Refer to Schematic 02-211D08, Sheet 3. The Logic consists of an enabling gate, input buffer gates, inverting gates, a 
timing decoder, and a parity indicating gate. The three back panel decoded addresses, MAOO, MAOl, and MA02, are 
the three inputs to the enabling gate, A3(3B3). The Address Connection Table on Sheet 6 of Functional Schematic 
02-211D08 tabulates the eight strap configurations to obtain one-out-of-eight address decoding. Whenever the three 
inputs to the AND gate A3 are high, the output is high. This enables certain gates in A4, A5, and decoder A2. If 
any input to AND gate A3 is low, all the above-mentioned gates are disabled to prevent any timing pulses from reaching 
their destinations in the memory circuits. 
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Figure 7. Memory Addressing, Simplified Schematic 



The input to gate AlA (3B4) is strapped to the enable line of A3 (B) when the board contains a parity core plane. Whenever 
the memory board is addressed, PARO goes low. This is used to enable a parity-checking circuit external to the Series 
5 Memory. By strapping the input to Al (A) to ground (C), a high PARO defines a non-parity memory. 

Gates A5 (3E2) buffer and invert the four major timing Inputs (LRO, WO, ERO, INHO), and the A4 gates (3E3) then invert 
these pulses to their correct negative-going levels (LROA, WOA, EROA, INHOA) to enable the X and Y access decoders. 
INHIA (3H2), however, is positive-gotng to enable the memory data input gates on Sheets 4 and 5. LRIA and WIA are 
positive-going to turn on the positive and negative current generating switches In the X Access. 

Decoder A2 (3E4) decodes EROA, WOA, and MA130. Two pairs of outputs are OR tied to obtain ERW13P0 and ERW13N0. 
The ERW13P0 and ERW13N0 signals are used to enable Column Decoders in the Y Access, which effectively reverses 
the direction of Y drive current (during Read and Write) in successive pairs of Y wires, depending on the state of MA130. 
ERW13P1 and ERW13N1 are positive-going to turn on the positive and negative current generating switches in the Y access. 

9.3 Y Access 

Refer to Schematic 02-211D08, Sheet 2. Memory addresses MA120 through MA140 (2A2) are three Inputs to one-out-of- 
eight ReadAVrite line decoders, A12 and A7, MA090 through MAllO (282) are three inputs to the one-out-of-eight 
Read/Write column decoders, A18 and A13. The Y Access is an ei^t-by-eight matrix. One-out -of-elght decoder, 
A12 (2B4) turns on one of the eight line Read switches, Q9-Q16, during Read time when it is enabled by EROA. Another 
one-out-of-eight decoder, A7 (2B7) turns on one of the eight Write switches, Q1-Q8, during Write time when it is en- 
abled by INHOA. The decoder A18 (2H2) and the eight positive column switches Q25-Q32 are enabled by ERW13P0, 
and decoder A13 and the eight negative column switches Q17-Q24 are enabled by ERW13N0. A column is turned on after 
one of the Write lines has been turned on by INHOA during Write time. For Read, one line and one column are turned 
on simultaneously. The positive (2D1) and negative (2 LI) currents are turned on when gates A20 are enabled by 
ERW13P1 and ERW13N1 respectively. SCLROA connects to the second inputs of the current switching gates at 2B1 
and 2J1. This input is low during power on power off sequences; the currents are thereby Inhibited and memory contents 
are preserved. 

Note that the polarity of alternate line switch transistor pairs (Q9-Q10; Q11-Q12) Is reversed in order to drive current 
Into alternate Y line pairs in an opposite direction. The Y Column Decoders correspondingly turn on appropriate positive 
or negative column switches. The decision of whether to turn on a positive or negative switch is controlled by ERW13P0 
and ERW13N0, an OR function of EROA, WOA, and MA130. MA130 (second least significant) is also a control input to 
the line decoders, where it turns on pairs of Read or Write switches (each of which is in turn selected by MA140, the 
least significant). When a Line switch with its collector grounded (Q9, QIO, Q13, Q14, Q3, Q4, Q7, Q8) is turned on, 
a negative column switch is turned on (Q17 through Q24); conversely, when a Line switch with Its emitter grounded 
(Qll, 12, 15, 16, 1, 2, 5, 6) is turned on, a positive column switch is turned on (Q25 through Q32) to allow current to 
flow in the Y line which is opposite to that of the current generated by the first example. Also note that the Y Access 
current is turned on before the X Access current during Read time. This is to minimize the effect of noise on the sense 
wire which occurs when currents are turned on. Two test points (2G1, 2R1) are available to observe voltages. For a 
basic example of access operation, see Section 8, Addressing. 

The Y Access line and column switches are selected according to the truth table in Table 3. An active decoder output 
turns on the transistor switch connected to it. 

9.4 X Access 

The X Access circuit is shown on Sheet 1 of Functional Schematic 02-211D08, Memory addresses MA060, MA070, and 
MA080 (1A2) are used to drive the one-out-of-eight Read/Write line decoders, A27 and A32. MA030, MA040, and 
MA050 are used for drivii^ the one-out-of-eight Read/Write column decoders A20 and A21. The X Access is an eight- 
by-eight matrix. The one-out-of-eight decoder, A27, turns on one of the eight line Read switches (Q53-Q60) during 
Read time when it is enabled by EROA. The one-out-of-eight decoder A32 turns on one of the eight line Write switches 
(Q61-Q68) during Write time, when it is enabled by INHOA. The eight column Read and Write switches (Q37-Q52), 
when activated by decoders A26 and A21, function in the same fashion. EROA and INHOA enable the line decoders and 
switches first; LROA and WOA enable the column decoders and switches after the line switches have been turned on. 
The positive (IDl) and negative (ILl) currents are turned on when gates A20 are enabled by LRIA and WIA respectively. 
SCLROA connects to the second inputs of the current switching gates at IBl and IJl. This input is low during power 
on/power off sequences; the currents are thereby inhibited and the memory contents are preserved. Two test points 
(161, IRl) are available for observing voltages. For a basic example of access operation, see Section 8, Addressing. 
The X Access line and column switches are selected according to the truth table in Table 4. An active decoder output 
turns on the transistor switch connected to It. 



TABLE 3. Y SELECTION DATA 



Y LINE SELECTION DATA 


EROA 


INHOA 


MA120 


MA130 


1 

MA140 


Decoder Output 


Mnemonic 







1 


1 


1 


A12-09 


YLOOPO 
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1 





07 


YLOIPO 
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YL02N0 
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YL03N0 
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YL04P0 
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YL02P0 
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1 
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YL04N0 
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YL05N0 
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YL06P0 
















01 


YL07P0 





ERW13P0 


ERW13N0 


MA090 


MAI 00 


MAllO 


Decoder Output 


Mnemonic 







1 






A18-09 


YCOO 







. 1 






07 


YCOl 







1 






06 


YC02 
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05 


YC03 
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YC04 
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YC05 














02 


YC06 














01 


YC07 







1 






A13-09 


YCOO 







1 






07 


YCOl 







1 






06 


YC02 







1 






05 


YC03 














04 


YC04 














03 


YC05 















02 


YC06 
















01 


YC07 



9.5 Sense-Inhibit Circuits 

The Sense-Inhibit Circuits are shown in 02-211D08, Sheets 4 and 5, Since the circuits in Sheets 4 and 5 are similar, 
only Sheet 5 will be used in the description. Nine MD gates, A38, A40, and A45 (5A2-5R2), are used to turn on the 
nine Inhibit switches, Q77-Q85 (5A3-5R3). During Write time, INHIA (5A1) is high enabling the nine MD gates. The 
state of the MD lines determines if a ONE or a ZERO is to be written at a particular address. A high MD (Write Zero) 
line turns on the Mhibit switch causing current to flow in the Sense-Inhibit wires. This current cancels the X or Y 
current with the result that the core remains in the ZERO state (not switched). A low MD (Write One) will not turn on 
the Inhibit switch. The coincident X and Y current causes the core to switch to the ONE state. 

Bit 0, 2, 4, 6, and 8 currents flow from +16.5 volts, throu^ switches, to ground. Bit 1, 3, 5, and 7 currents flow 
from groimd, at the balun network (5A5-5R5), to -16. 5 volts through switches. The inhibit current is divided through 
a pair of Sense-Inhibit wires (5A4-5R4) unique to each bit. The balun network at the sense end equalizes the current 
in each pair of Sense-Inhibit wires. Note, therefore, that the Inhibit switch carries approximately 600 milUamps with 
300 milliamps flowing in each leg of the Sense-Inhibit pair. 



During Read time, bipolar readouts are sensed by the sense amplifiers, A44, A48, A49, A55, and A56 (5A6-5R6). The 
positive-going sense amplifier output is enabled by the positive-going strobe pulse STBBl. The VT (threshold volt^e) 
of the sense amplifiers is adjusted to provide maximum ZERO/ONE margins. The voltage division at the reference 
Input to the sense amplifier Is approximately 100 to 1. 



TABLE 4. X SELECTION DATA 



X LINE SELECTION DATA 


EROA 


INHOA 
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MA080 


Decoder-Output 


Mnemonic 







1 
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XL07P0 



X COLUMN SELECTION DATA 


LROA 


WOA 


MA 030 


MA040 


MA050 
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The flip-flop circuit at location 5A8, which is typical of all the sense amp flip-flops, is used in the following description: 
The set input (Pin 5 of A60) goes high when a Strobe pulse (STBDl) is generated. The positive-going sense amp output 
(when a ONE is read out) is inverted by gate A57, whose output connects to the ONE side of the flip-flop (Pin 6 of A60). If 
a ONE is read out, the flip-flop is reset. The ZERO side of the flip-flop (Pin 3 of A60) is inverted by A58 and the 
negative-going pulse is placed on the MS Bus. When the Strobe pulse (STBDl) goes low, the flip-flop is set again. IE a 
ZERO is read out, the flip-flop is never reset and the MS Bus stays high. 

9. 6 Sense Auxiliary Circuits and Decoupling 

Refer to Schematic 02-211D08 Sheet 3 during the following descriptions. 

9. 6. 1 Strobe. The Strobe pulse (STBO) is derived from a dual single shot monostable, A42 (3N2). The negative- 
going edge of LROA tri^ers the first monostable. The negative-going output from the second monostable is connected 
to fan-out and inverting gates, A41. STBAl and STBBl enable the sense amplifiers; STBCl and STBDl are used to set 
the MS flip-flops. Potentiometer P2 (3N1) and Capacitor C85 (3N2) are timing components used to vary the Strobe pulse 
delay. C114 and R251 determine the width of the Strobe pulse. A test point, STB, is provided to observe the strobe. 

9. 6.2 VT. The VT circviit (3M5) provides a regulated threshold voltage for the sense amplifiers. This VT can 
be varied by PI. Terminals 129-1 and 228-1 allow connection to an external test circuit to override the VT circuit for 
factory test purposes. A test point is provided to measure VT. 



10 



9. 6, 3 -6.2 Volts. The network at 3N7 derives -6. 2 volts from the -16. 5 volt source. The -6. 2 volts is one 
of the supply voltages required by the sense amplifiers. 

9. 6. 4 Thermistor . The thermistor connections to the back panel are shown at 3S7. The thermistor is a 
temperature sensitive device which connects to the ± 16. 5 volt power supply. The ±16. 5V will vary as the temperature 
varies. At 0^0 the supply voltages are approximately 18.00 volts; at 50°C the supply voltages are approximately 15.00 
volts. (See Section 11. 2, Voltage Adjustment, and Figure 8. ) This temperature/voltage trackir^ is necessary since the 
memory drive current requirements vary with temperature; at OOQ more drive current is required, while at 50°C less 
drive current is required to realize optimum memory performance. 
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Figure 8. Thermistor Temperature Program 

9. 6. 5 Decoupling. Various capacitors are used throughout the board for voltage decoupling. Their values and 
their approximate physical location in the vicinity of IC's are referenced at 3B7 through 3K7. 

10, TEST POINTS 

Figure 9 illustrates the approximate physical locations of test points. These are tabulated in Table 5 with their correspond- 
ing location in Functional Schematic 02-211D08. 

TABLE 5. TEST POINT LOCATIONS 



Test Point 


Function 


Schematic Location 


VT 


Sense Amplifier Threshold Voltage 


3S5 


STB 


Strobe 


3M3 


LROA 


X Column Read Timing and Strobe Generation 


1G2 


GRD 


Ground 




PYC 


Positive Y Column Volt^e 


2G1 


NYC 


Negative Y Column Voltage 


2R1 


PXC 


Positive X Column Voltage 


IGl 


NXC 


Negative X Column Voltage 


IRl 
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"51 VT ADJUST 

T VT (THRESHOLD VOLTAGE) 



"a1 STROBE ADJUST 
1 STB (STROBE) 



GRD(GROUND) 

LROA(X COLUMN READ AND STROBE GENERATION) 



PYC (POSITIVE Y COLUMN VOLTAGE) 
NYC ( NEGATIVE Y COLUMN VOLTAGE ) 

PXC (POSITIVE X COLUMN VOLTAGE) 
NXC (NEGATIVE X COLUMN VOLTAGE) 



Figure 9. Series 5 Memory Test Points 



11. TESTS AND ADJUSTMENTS 

11.1 Introduction 

This section describes tests and adjustments which should be used periodically as a check of memory system operation, 
and as an aid in troubleshooting when a memory problem exists. Perform the checks in the order that they are listed 
in this section. 

NOTE 



The power supply adjustments listed in the appropriate 
Power System Manual, and the system clock adjustments 
listed in the appropriate digital system maintenance manual, 
should be performed prior to the memory adjustments. 



11.2 Voltage Adjustment 



The nominal ± 16. 5 volt input to the memory system should be checked prior to any other memory checks. The 16, 5 
volt regulator on the power supply has a control input from a thermistor mounted on the memory board. It is therefore 
important to consider the ambient temperature when adjusting the 16. 5 volt regulator. The following test equipment is 
required for this adjustment. 

1. A laboratory thermometer accurate to ± 1%. 

2, A digital voltmeter capable of reading 15 to 18 volts ± 1%. 

Use the following procedure to check, and adjust if necessary, the 16. 5 volt regulator. 

1. Measure the ambient temperature. Refer to Figure 8 and determine the voltage setting for the temperature 
measured. 

2. Compare the voltage of -16. 5 and +16. 5 at the back panel terminals to assure that the voltages are equal. If 
the voltages are not equal, adjust the trimpot on the power supply to obtain equal readings. 

3. Measure the voltage at the +16. 5 back panel terminal. 

4. Adjust the trimpot on the power supply to obtain the reading calculated in Step 1. 
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11. ;J strobe Timing Adjustment 
I hf-rc is a single timing adjustment on the Series 5 Memory, 

CAUTION 



The adjustment described in this section is carefully set 
at the factory using sophisticated test equipment not 
normally available in the field. The adjustment is very 
stable and should not require field adjustment. The 
adjustment should be changed only after the check provided 
indicates that it is out of tolerance and there are no faulty 
components in the system. 



A dual trace oscilloscope with a calibrated time base is required for this check, 
strobe timing. 



Use the following procedure to check 



1. Load and run the appropriate Memory Test Program. 

2. Synchronize the oscilloscope to the negative-gomg edge of LROA on TP "LROA". (See Figure 9). Observe this pulse. 

3. On the second trace, observe the strobe pulse on TP "STB" (see Figure 9). The relationship should be as shown in 
Figure 10. 

4. If the relationship is not as shown in Figure 10 and all components are found to be operating correctly, adjust 
the Strobe trimpot shown on Figure 9. 

The above is a rough adjustment that places the strobe in the general correct area. The VT trimpot is increased to 
2, volts (see Section 11. 5, Marginal Test, for proper procedure). If there are memory errors, the Strobe trimpot is 
fine adjusted until there are no errors. Then verify that there are no errors with VT at 1. volt. 'When memory is 
operating properly, adjust the VT trimpot back to its nominal 1. 5V ± 0. IV. 



TP-LROA- 



TP-STB- 




1^ I60NSJ 
! ±5NS 1 



Figure 10. LROA - STB Relationship 

11.4 Memory Test 

Run the appropriate Memory Test Program. 

11.5 Marginal Test 

The following Marginal Test may be performed periodically to locate memory areas which may cause future problems. 
Test equipment required for this test is: 

1. A voltmeter capable of measuring 5 volts ± 2%. 

Use the following procedure: 

1. Connect the voltmeter to test -points VT and GRD. 

2. Run the Memory Test referenced in Section 11.3. 

3. Vary the VT trimpot to 1. volt and then to 2. volts. The test program should continue to run normally within 
these VT voltages. Return VT to its nominal 1. 5 volts ± 1. OV setting after tests are completed. 

11. 6 Trouble Shooting Aid 

Sheet'' 7 nnd 8 of Drawing 02-211D08 are provided as an aid in trouble- shooting circuits and locating components. They 
arc used in conjunction with Functional Schematic 02-211D08, Sheets 1 through 6. 
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12. MEMORY MNEMONICS 



The following list provides a brief description of each mnemonic in the Series 5 Memory. , The 02-211D08 source of 
each signal is also provided. 



MNEMONIC 

ENABLEl 

ERO 

ERW13N0 

ERW13P0 

ERW13N1 

ERW13P1 

INHO 

LRO 

MA00-MA02 

MA030-MA140 

MD000-MD160 

MS000-MS160 

NXC 

NYC 

PARO 

PXC 

PYC 

SCLROA 

STBO 

STBAl 

and 

STBBl 

STBCl 

and 

STBDl 

TEMPA 

TEMPB 

VT 

WO 

XC00-XC07 



MEANING 
Enables logic and access circuits 
Eajfly Read; X and Y lines read timing pulse 

Early Read or Write; Y column read and write current 
direction control timii^ pulses 

Inhibit; X and Y lines write, and inhibit drivers timing pulse 

Late Read; X column read timing pulse and strobe generation 

Decoded Memory block selection address 

Memory Address Bus 

Memory Data Bus 

Memory Sense Bus 

Negative X column voltage 

Negative Y column voltage 

Parity indicating signal 

Positive X column voltage 

Positive Y column voltage 

System Clear 

Strobe Pulse 

Enables sense amplifiers 

Sets MS flip-flops 

Connection to thermistor 

Connection to thermistor 

Sense amplifiers threshold voltage 

Write; X and Y column write timing pulse 

X column wires (common) 



LOCATION 
3C3 
3E1 

3H5 

3E1 

3E1 

3B1 
2A2, 2S2, 3A2, 3S2 
4A1-4N1, 5A1-5R1 
4B9-4S9, 5B9-5S9 

IRl 

2R1 

3A5 

IGl 

2G1 

lAl 

3N3 

3S3 

3S5 

3S7 
3S7 
3S6 
3E1 
1J6-1S6 
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MNEMONIC 

XCOO-0 
through 
XC07-7 

XL00N0-XL07N0 

XL00P0-XL07P0 

YC00-YC07 

YCOO-0 
through 
YC07-7 

YL00N0-YL07N0 

YL00P0-YL07P0 



MEANING 

X wire; Column 0, Wire through Column 7, Wire 7 

X Line Cathodes 
X Line Anodes 

Y column wires (common) 

Y Wire; Column 0, Wire through Column 7, Wire 7 

Y line Cathodes 

Y line Anodes 



LOCATION 

1J5-1S5 

1F6-1F9 
1F6-1F9 
2J6-2S6 

2J5-2S5 

2F6-2F9 
2F6-2F9 
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02-232A20 
October 1971 



MODEL 70 SELECTOR CHANNEL 
INSTALLATION SPECIFICATION 



1. INTRODUCTION 

This specification provides the necessary information for the installation of the 02-232 Selector Channel (SELCH) in a 
Model 70 Processor System. The Model 70 Selector Channel is complete on one 35-391 printed circuit board. 

2. PHYSICAL CHARACTERISTICS 

2.1 Dimensions 15 3/8x14 7/8" 

2.2 Weight 22 pounds maximum 

3. INSTALLATION 

The Model 70 SELCH may be installed in any even numbered universal expansion slot (i. e. 0, 2, 4, or 6) in the Central 
Processor Unit (CPU) or in the first Memory or l/O expansion chassis. See Figure 1. 

NOTE 

If a Memory-l/O chassis is used 
in the system, any Selector Chan- 
nel must be installed in that chassis. 

3. 1 Back Panel Wiring 

3.1.1 Multiplexor Channel Bus. At the time of installation it is necessary to cut the Multiplexor Bus wiring be- 
tween the even numbered slot accepting the SELCH and the next higher numbered slot on the One (1) connector only. The 
RACKO/TACKO daisy chain wiring on the back panel is rerouted accordir^ to Figure 1. The lower numbered card slots 
in the chassis become part of the private SELCH Bus on the One (1) connector only. 

For the convenience of cutting the Multiplexor Bus, the connections between every other slot are made using "top" wire 
wraps. This allows the cutting of the bus by simply lifting the top wraps when the SELCH is installed in an even numbered 
slot. Refer to Figure 1 (A) during the following example. 

To install a SELCH in Slot 4: 

1. Remove all wires on Connector One (1), between Slots 4 and 5, on Pins 11 through 26, Rows 1 and 2. (See 
backpanel map in 02-232D08 Sheet 7). 

2. Remove the wire between 222-0001 and 122-0700. 

3. Remove the RACKO/TACKO jumper between Pins 122 and 222 on both the Zero (0) and One (1) connectors of 
Slot 4. 

4. Connect 122-0700 to 222-0501. 

5. Install the SELCH into Slot 4 of the chassis. The private SELCH Bus now appears on the Connector One (1) 
side of Slots 4,3,2,1, and 0. All slots on the Connector Zero (0) side and Slots 7,6, and 5 on Connector One 
(1) side remain as standard Multiplexor Bus slots. 

To install a SELCH in any other even numbered slot of a CPU chassis or a Memory-l/O chassis, a similar procedure 
is followed. Refer to Figure 1 B and C. 

3.1.2 ACTO/TACO . The ACTO/TACO jumper between Pins 137-0 and 237-0 must be removed from the slot used 
by the SELCH controller. If the Selector Channel is not the first Direct Memory Access pMA) channel on the Memory 
Bus, jumper "K" on the SELCH controller must be removed. 



A 



MEMORY 
I/O CHASSIS 




NOTE: THE CIRCLED NUMBERS ON ILLUSTRATIONS A, B, ANDC 
REFER TO THE CORRESPONDING NUMBERS IN THE 
FOLLOWING INSTALLATION PROCEDURES. 

TO INSTALL A SELECTOR CHANNEL IN SLOT 4 OFTHE MEMORY 
I/O CHASSIS 

© CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(D JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN.l) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE, AND 
SLOTS 7, 6 AND 5 ON CONNECTOR ONE SIDE REMAIN AS 
STANDARD MULTIPLEXOR BUS SLOTS. 

@ IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

(D EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

© MEMORY MODULE 7, IF IT EXISTS, MUST BE LOCATED 
IN SLOT 3. 
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TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OFTHE CPU 
CHASSIS 

© CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(2) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

@ THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN.l) SIDE ONLY, ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

® IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS, BY INSTALLING A CABLE HERE. 

>-® ® EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 

BY INSTALLING A CABLE HERE. 

NOTE; 

IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM, 
_ ANY SELECTOR CHANNELS MUST BE INSTALLED IN 

•® THAT CHASSIS. 
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TO INSTALL 4 SELECTOR CHANNELS (IN SLOTS 6,4,2 AND 0) 
OF THE MEMORY 1/0 CHASSIS 

© CUT THE MULTIPLEXOR BUS IN FOUR PLACES. 

(D JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

® EACH SELCH. EXCEPT THE ONE IN SLOT 0, HAS ONE 
SLOT AVAILABLE ON ITS PRIVATE BUS. THE PRIVATE 
BUSSES CAN BE EXTENDED TO OTHER CHASSIS BY 
INSTALLING CABLES IN SLOT POSITIONS 0,1, 3 AND 5 
ON CONNECTOR ONE (CONN.l ) SIDE. 

© ALL SLOTS ON THE CONNECTOR ZERO (CONNIO) SIDE 
REMAIN AS THE STANDARD MULTIPLEXOR BUS. THIS 
BUS CAN BE EXTENDED BY INSTALLING A CABLE HERE. 

® MEMORY MODULES 5 AND 7, IF THEY EXIST, MUST BE 
LOCATED IN SLOTS I AND 3. 



-® 



Figure 1, Backpanel Modifications 



3,3 Cabling 

The cabling necessary for the SELCH depends on the system's physical configuration. When the SELCH Bus does not 
extend outside the chassis, no cabling is required. When the SELCH Bus must be extended to another chassis, a number 
of cable configurations can be used. See Figure 2. 



See Figure 2 for a summary of all cables. Refer also to Chapter 8, Model 70 User's Manual, Publication Number 
20-261, for further details on system configurations. 



15 CHASSIS 



15 CHASSIS 



CONN. 
"O" 



CONN. 
"I" 



7 
1 




^0001 






1 










■• 17-165 




[ 




7 
I 

i 



^0700 ^0701 



(A) CONNECTS TWO ADJACENT 15 CHASSIS. THE PRIVATE SELCH BUS APPEARS 
AT BOTH CONNECTORS AND I OF THE LOWER CHASSIS. NOTE THE DATA 
CHANNEL DOES NOT APPEAR IN THE LOWER CHASSIS. 



15 CHASSIS 



15 CHASSIS 



/" 

o 



0000 



CJ 



! y 

i0700 



^e 122-0 



Z 



E 



r 



0001 



-17-163 



CJ 



-0701 



1222- 



(B) USED TO CONNECT TWO ADJACENT 15 CHASSIS. THE MULTIPLEXOR BUS 

APPEARS AT CONNECTOR O.AND THE SELCH BUS APPEARS AT CONNECTOR 
I. WHEN USING THIS CONFIGURATION, THE RACKO/TACKO JUMPER FROM 
122-0, SLOT 7, TO 222-1, SLOT O.MUSt BE REMOVED FROM THE LOWER CHASSIS. 



REMOVE JUMPER 



15 CHASSIS 




10" CHASSIS 



4. ADDRESS STRAPPING 



- (C) CONNECTS THE PRIVATE SELCH BUS TO A lO" CHASSIS ONE OR TWO CHASSIS AWAY. 



Figure 2. Cabling 



The preferred address of the Model 70 Selector Channel is X'FO'. The controller is strapped for this address at the 
factory. To change the address, refer to Functional Schematic 02-232D08. The number and letter designations shown 
on the schematic refer to the designations on the apparatus side of the SELCH controller board. 

5. INSTALLATION CHECKS 

The Model 70 SELCH is factory tested using a special high speed device. Therefore, field checks are contingent upon 
the user having appropriate hardware and software available with which to exercise the Selector Channel. 
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02-232A21 
January 1972 



MODEL 70 SELECTOR CHANNEL 
MAINTENANCE SPECIFICATION 

1. INTRODUCTION 

The 02-232 Model 70 Selector Channel (SELCH) is a Direct Memory Access port (DMA) which provides block data trans- 
fer between a device controller and memory. Once initiated, the transfer is independent of the Processor. The Pro- 
cessor sets up the device controller, loads the SELCH with the starting and final addresses of the memory block, spe- 
cifies the type of operation (Read or Write), and issues a GO Command. The SELCH then handles the transfer without 
further direction by the Processor. 

The Model 70 Selector Channel is complete on one printed circuit board and occupies one slot in a system chassis. The 
SELCH provides the drivers, receivers and termination resistors for the private SELCH Bus. This bus originates at 
Connector One (1) of the SELCH slot and extends to each lower numbered slot in the system chassis on the Connector 
One (1) side only. The private SELCH Bus can be extended to other chassis, as required. For installation information, 
refer to Installation Specification 02-232A20. 

2. SCOPE 

This specification describes the operation of the SELCH in its various modes; Setup, Memory Read, Memory Write, 
and Termination. Where necessary, this specification references the Multiplexor Channel Bus and Memory Bus oper- 
ations. These buses are described in detail in the Model 70 User's Manual, Publication Number 29-261. 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the SELCH block diagram on Sheet 7 of Functional Schematic 02-232D08, and the SELCH Flow Chart, Figure 
1, during the following analysis. Before Initiating a data transfer via the SELCH, the device controller and the SELCH 
must be set up. The setup procedure is implemented by the Processor via the Multiplexor Bus (MPX-Bus). When the 
SELCH is in the Idle Mode, the MPX-Bus is tied directly to the private SELCH Bus through the SELCH. This allows 
the Processor to communicate directly with any device on the private SELCH Bus. 

To prepare the SELCH for data transfer, the Address Register (AR) and Auxiliary Address Register (AAR) must be 
loaded with the starting address in memory where the transfer is to begin, and the Final Address Register (FAR) must 
be loaded with the address of the last memory location to be accessed. These registers are loaded from the eight least 
significant Data Lines D080:150 by four consecutive Data Avallables (DAs) from the Processor. The first two Data 
Avallables simultaneously load the AR and AAR, which are 16-bit incrementing registers. The AR is incremented, by 
two, after each halfword is transferred to/from memory, and the AAR is incremented, by one, with each byte trans- 
ferred to/from the device. Data transfer is terminated when the AAR is equal to the FAR or when the AAR Increments 
past its maximum value, X'FFFF'. 

Data transfer is begun by the Processor issuing a GO Command to the SELCH. Transfer to/from the device is now in- 
dependent of the Processor. The GO Command also prevents communication between the Processor and any device on 
the private SELCH Bus until the transfer Is terminated and the SELCH is addressed. 

Data transfer is controlled in the Move Data circuit by Inspection of the four least significant bits of the Status Byte pre- 
sented by the active device on the private SELCH Bus, When any one of the three least significant bits are set, (EX, 
EOM, or DV), the transfer is terminated. Blt-12 (Busy) regulates the rate of data transfer. In the Memory Read Mode, 
the actual data transfer begins with a memory request, REQO active, as soon as a GO Command is issued. When the 
memory request is serviced by the Processor, the SELCH Memory Bus Control circuit acti vates S elect (SEL), which 
gates the contents of the Address Register (AR) onto the Memory Address Bus, and gates a halfword of data from memory 
into the Data Register (DR). At the termination of the memory transfer, the data is loaded from the DR to the Data Buf- 
fer (DB) and the AR is incremented. 

NOTE 

Unless the SELCH has dropped REQO in time 
to remain selected during the next memory cycle, 
the SELCH will be deselected by the rising edge of 
Inhibit (INHO) after the halfword has been transferred. 



START 



SET UP DEVICE CONTROL 

LOAD AR, AAR AND FAR 

OPERATION COMMAND 

60 COMMAND 



REQUEST MEMORY 





YES ^y^ ^s^ NO 

\^MEMORY REAO^ 



EX.EOM OR DU = I 
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END OF 
MEMORY TRANSFER 



INCREMENT AR 
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TRANSFER DATA 
TO DEVICE 



END OF 
DATA TRANSFER 



NCREMENT AAR 

BY I {BYTE MODE) 

SYZfHALFWORDMOOE) 




RESET 
BUFFER ACTIVE 



CLEAR BUSY 
SET ATTENTION 



• INPUT STATUS BYTE 




BUSY = I 
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REQUEST MEMORY 
LOAD DATA BUFFER 
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MEMORY TRANSFER 
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BY 2 



RESET 
BUFFER ACTIVE 



END 



Figure 1. Flow Chart 



Once the DB is loaded, data transfer to the device over Private Data Lines PDO00:15O is initiated and, when applicable, 
a request is made to fetch the next halfword from memory. This cycle continues until either a match is detected be- 
tween the contents of the Auxiliary Address Register and contents of the Final Address Register, or until the transfer 
is aborted due to an error condition. 

In the Memory Write Mode, the data transfer sequence described previously for Memory Read Mode is reversed. That 
is, two bytes of data are loaded into the DR from the device prior to a memory request and the data flow is from the de- 
vice to the DR, DR to the DB, and finally into memory. 

The Branch Gate circuit and the Move Data circuit control the flow of data between memory and the device. The Branch 
Gate supervises the overall data flow, while the Move Data circuit performs the handshaking between the SELCH and the 
active device on the private SELCH Bus. 

Upon termination of the data transfer, the program is notified via an interrupt and by the inactive state of the SELCH 
Busy flip-flop which is presented to the program as Bit-12 of the SELCH Status Byte. 

Selector Channel Status and Command Byte Data is shown on Table 1. 

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA 



BIT 
NUmiBER 





1 


2 


3 


4 


5 


6 


7 


STATUS 
BYTE 










BSY 








COMMAND 
BYTE 






READ 


GO 


STOP 









BSY When this bit is set, an RC circuit generates the EBSl pulse to start the appropriate 

SELCH operation. When this bit is cleared an interrupt is generated. 

READ This command, Bit -2, sets the Memory Write (WT) flip-flop. The controller on the 

SELCH Bus is setup for a device Read operation. 

GO This command. Bit -3, clears the MSC flip-flop and sets the BSY flip-flop to initiate 

the Data Transfer Mode. 

STOP This command, Blt-4, from the Processor clears the BSY flip-flop and initializes the 

Load/Unload Sequencer. During the Data Transfer Mode, execution of the command is 
delayed until the end of a memory cycle, if one is in progress. 

4. FUNCTIONAL DIAGRAM ANALYSIS 



4. 1 Introduction 

This section relates to Functional Schematic 02-232D08, Sheets 1 through 6. Note that in INTERDATA functional sche- 
matics, the last character in the mnemonic symbol designates the logic level when the signal is active. For example; 
D080 is Data Line Number 8 (DOS). The last character (0) indicates that when D080 is active, the line is at a logical 
Zero level. 

4.2 SELCH Control Circuit 

In the Idle Mode, the SELCH Address (2M8), Busy (3F3), and Multiplexor- SELCH (MSC) (3FA) flip-flops are reset and 
the private SELCH Bus is tied directly to the Multiplexor Bus. This allows the Processor to communicate, via the 
Multiplexor Bus, with any device on the private SELCH Bus. 

To communicate with the SELCH, It must first be addressed. The SELCH Address (X'FO' preferred) is placed on Data 
Lines D080:150 (1A3-8) and the Address control line is activated (ADRS0)(4B8). The SELCH Address Is decoded by the 
four input NAND gate (1F4) and the Address flip-flop is set (2M8). The set output from the Address flip-flop (AD1)(2J7), 
when active, prevents the control signals on the MPX-Bus from passing onto the private SELCH Bus by holding the Con- 
trol Line Gate inactive (CLG1)(1B2). The Capacitors C33 and C34 (4D8) delay the propagation of the Private Address 
control line (PADRS0)(4F9) to the SELCH Bus so that when the SELCH Is being addressed, PADRSO will not become ac- 
tive. This delay allows the SELCH to be addressed without resetting the Address flip-flop of the active device on the 
private SELCH Bus. 



The simultaneous loading of the Address Register (AR) and Auxiliary Address Register (AAR), and the loading of the 
Final Address Register (FAR) is accomplished by four consecutive Data Availables (DAs) from the Processor. The 
Load/Unload Sequencer {2L2) controls the loading of these registers (AR, AAR, and FAR) and the unloading of the AAR. 
The sequencer is set to its initial state by the termination of the last data transfer, a Stop Command, or a System Clear 
(SCLR0)(4MS) so that the first DA, through Data Available Gate (DAG0)(2L4), will activate Load Address Register High 
{LARH0)(2S2). 

LARHO gates Data Lines DA081:151 (1D3-8) into the eight most significant bits of the AR and AAR. The rising edge of 
the first and each successive Data Available Gate (DAG0)(2L4) increments the sequencer and allows the next DA to acti- 
vate the next load line. The second DA loads the eight least significant bits of these registers. The third and fourth 
DAs will then load the Final Address Register in the same order. The contents of the AAR may be inspected, via the 
program, by issuing two Data Requests (DR) to the SELCH whenever the Load/Unload Sequencer is in its initial state, 
(e. g. Upon termination of a SELCH transfer, sequencer initialized, the FAR may be inspected to determine if the en- 
tire block of data had been transferred. ) 

If a Memory Write operation is desired, an Output Command with Bit-10 set must be issued to set the Write flip-flop 
(3F5). Since the Write flip-flop is reset by the Data Available/Request Gate (DARG1)(2L5) whenever a DA or DR is 
sent to the SELCH (setup procedure), no command is necessary to initiate a Memory Read operation. 

Data transfer commences with a GO Command from the Processor, which is an Output Command with Bit-11 set. The 
GO Command sets both the Busy (3F3) and MSC (3F4) flip-flops. The setting of the Busy flip-flop causes an End' of 
Busy Set pulse (EBS1)(3H4) to be generated. This pulse is generated by differentiating the falling edge of BSYO (3F3), 
and is used by the Branch Gate circuit to initiate the transfer cycle. The Busy latch circuit remains set until the Selec- 
tor Channel detects the termination of transfer and its state is presented to the program via Bit-12 of the Sense Status 
Byte. 

The MSC flip-flop is reset by SCLROA or by addressii^ the SELCH, Set Gate active (SGAD1)(2L9), when the Busy flip- 
flop is reset. The resetting of the MSC flip-flop, MSCO active, clears any pending interrupt in the Selector Channel. 

Information is steered from the SELCH to both the Data Lines (D080:150)(lB4-9) and the Private Data Lines (PD080:150) 
(1S4-9) by the proper gating of four each, four-to-one line multiplexors (Sheet 1). For example; with the SELCH idle, 
Busy reset, all Data Lines are tied directly to the Private Data Lines in both directions. 

4. 3 Memory Bus Control Circuit 

Memory Bus Control timing relationships are shown in Figure 2. A SELCH request for memory is started by activating 
Set Request (SREQ0)(3S4). SREQO is activated by the Branch Gate circuit (3M8) when either the SELCH has received a 
halfword of data from the device or, in the Memory Read Mode, whenever the Memory Data Register is available to ac- 
cept the next halfword. 

SREQO is applied to the direct set input of the Request flip-flop {REQ)(4L5) which sets the flip-flop and sends REQO to 
the Processor. When REQO is received, the Processor generates Enable (ENO). ENO, on the first DMA device, is 
jumpered to Accept (ACTO) which generates the daisy chain priority loop through all DMAs in the system. The daisy 
chain begins at the highest priority DMA as ENO, and propagates to the lower priority DMAs as Transmit Accept (TACO) 
until it is captured by the first DMA requesting a memory cycle. When the REQ flip-flop is set and ACTO (ENO) is 
active, the ACTO/TACO contention circuit (4H2) will block the propagation of TACO, and provide highs on the J input to 
the SEL flip-flop and the K input to the REQ flip-flop. Thus, on the rising edge of ENO," the Select flip-flop will become 
set and the Request flip-flop will be reset. When the SELCH REQ flip-flop is reset and ACTO (ENO) is active, the ACTO 
signal is prop^ated as TACO to the DMA with a lower priority. 

The trailing edge of Inhibit aNH0)(4H5), from the Processor, indicates the end of the memory cycle. This edge, unless 
the SELCH has dropped REQO In time to remain selected during the next cycle, will cause the SEL flip-flop to reset. 
Two pulses. End of Memory Transfer (EMX0)(4M7) and Inhibit aNH0P)(4M2), are generated by the leading and trailing 
edges of INHO respectively. EMXO is used by the Branch Gate circuit to indicate the end of the memory transfer, and 
is also used together with INHOP to generate To^le AR (TARO) which Increments the Address Register. 

In the Memory Read Mode, the Memory Data Register (MDR) is cleared by Clear Data Register (CDR0)(4R2) which is 
generated by the trailing edge of REQl. Write Not (WT0A)(3F5) is ANDed with SELl to form Enable Memory Data Read 
(ENMDR1)(4R6), which gates the contents of the MDR onto the Memory Data Lines for the restore portion of the mem- 
ory cycle. (This function is disabled when using solid state memory. ) The contents of the m.emory location accessed 
Is gated to the direct set inputs of the MDR by Enable Memory Strobe (ENMS1)(4R4). This function Is WT- SEL- INH for 
use with core memory and WT* SEL- INH when using solid state memory (4R4). 

When writing to memory, the contents of the Data Buffer is gated onto Memory Data Lines MD000:150 (Sheet 6) by En- 
able Memory Data Write (ENMDW1)(4R3), when selected. A Memory Write operation is indicated to the Processor by 
activating WRTOA (4S3). 
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Figure 2. Memory Bus Control Timing Diagram 



4. 4 Address Register and Auxiliary Address Register. 

The Address Register (AR) and Auxiliary Address Register (AAR) (Sheet 5) each consist of four, four-bit counters. 
These registers are loaded simultaneously by the Processor from Data Lines D080:150 (1A3-8), under control of the 
Load/Unload Sequencer (as discussed in Section 4. 2), with the starting address from which the block transfer is to be- 
gin. The contents of the AR (Sheet 5) is gated onto Memory Address Lines MA000:140 (5R1-8) whenever the SELCH is 
selected, SEL flip-flop set. The AR is incremented, by two, with each memory transfer by Toggle Address Register 
(TAR0)(4R7). The AAR (Sheet 5) keeps track of the transfer between the SELCH and the device. This register is in- 
cremented, by one, for each byte of data transferred by Toggle Auxiliary Address Register (TAAR0)(3M1). When the 
transfer is in the Halfword Mode, TAARO is generated twice for each transfer. The outputs of the AAR axe used by the 
Match circuit to determine the end of the data block. Its contents may be examined, via the program, by issuing two 
consecutive DRs to the SELCH when the sequencer is initialized. In addition, AAR151 is used in the Byte Transfer Mode 
to determine whether the byte being transferred is odd or even, for byte steering. Carry Out from the most significant 
stage of the AAR (COO) (541) will terminate the transfer, clear Busy, when a transfer is attempted past the maximum 
memory address. This feature prevents 'wrap-around' in memory. 

4. 5 Final Address Register 



The Final Address Register (FAR) is implemented by four quad latches (Sheet 5). This register, like AR and AAR, is 
loaded by the Processor under control of the Load/Unload Sequencer. The outputs of this register are used exclusively 
by the Match circuit to determine when the final address of the transfer is reached. 



4. 6 Memory Data Register and Data Buffer 

The Memory Data Register (MDR) (Sheet 6) is a 16-bit register composed of 16 edge triggered JK flip-flops. In the 
Memory Read Mode, the MDR is first cleared by Clear Data Register (CDR0)(4R2) and then direct set by each active 
bit on Memory Strobed Data Lines MSOOO:150 (Sheet 6). During a Memory Write, the data, in double rail format, pre- 
sent at the J and K inputs to the MDR, is tolled into the flip-flops on the trailing edge of either Load Data Register 
High (LDRH0)(649) or Load Data Register Low (LDRL0)(6J9). 

As soon as the MDR is loaded, if the Data Buffer (DB) is empty ( as determined by the inactive state of the Buffer Ac- 
tive flip-flop)(3Hl), the MDR contents are loaded into the DB (Sheet 6) by Load Data Buffer (LDB1)(357). Information 
present in the DB is, in turn, either written into memory via Memory Data Lines MD000;150 or sent to the device on 
Private Data Lines PD000:150. 

4. 7 Data Transfer Circuit 

Refer to Figure 3 for Memory Read timing diagrams and Figure 4 for Memory Write timing diagrams. The Memory 
Read timing diagram shows the timing of a three byte transfer, in the Byte Mode, of 2, 000, 000 Bytes/second, Figure 
4 shows a transfer of two halfwords, in the Halfword Mode, to a slower device. 



COMMAND GO 




Figure 3. Memory Head (Byte Mode) 
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Figure 4. Memory Write (Halfword I/O Mode) 
A GO Command to the Selector Channel sets the Busy flip-flop which generates the End of Busy Set pulse (EBS1)(3K8). 

In the Memory Eead Mode, EBSl is decoded by the Branch Gate circuit and SREQO is generated. Thus, a request for 
memory is initiated. When the halfword of data is present in the MDR, the End of Memory Transfer pulse (EMX1)(4R6) 
becomes active and the Branch Gate circuit once again requests memory and generates Set Status Transfer (SSX0)(3S5) 
and Load Data Buffer (LDB1)(3S7). These signals initiate the transfer to the device and load the Data Buffer respectively. 

SSXO sets the Status Request flip-flop (3F6) which activates the Private Status Request control line (PSR0)(3G6) to the 
active device on the private SELCH Bus. This Status Request examines the four least significant bits of the Status Byte. 
If any of the three least significant bits (EX, EOM, or DU) are set, the transfer is terminated by resetting the Busy 
flip-flop (3F3). The assumption is made that each of these status bits remain reset for the remainder of this discussion. 
With Bit-12 (Busy) of the Status Byte reset, the Data Transfer flip-flop becomes set (3F7). Data Transfer (DX0)(3E1) 
inhibits the generation of PSRO, which causes Private Sync (PSYN1)(4B4) from the device to become inactive. This en- 
ables Engage to go high (ENG1)(3D8), which allows the Private Data Available control line (PDA0)(3H5).to become active. 
The Private Data Available/Request signal (PDAR1)(3H5), generated whenever a Private Data Available (PADO)or Private 
Data Request (PDRO) signal is active, will then clear the Status Request flip-flop. Upon receipt of Sync from the device, 
PSYNl active, the Data Transfer flip-flop becomes reset and ENGl goes low, disabling PADO. When the Sync is re- 
moved by the device, a 100 millisecond End of Data Transfer pulse is generated (EDX0)(3J8) which increments the Aux- 
iliary Address Register and is used by the Branch Gate circuit to generate a function in accordance with the truth table 
for EDX on Sheet 3. This cycle continues until termination of the transfer is detected. 



In the Memory Write Mode, WTl active (3F5), EBSl is used to generate SSXO, and the Branch Gate circuit directs the 
loading of a halfword of data into the DB before a memory request is made. The transfer of data from the device is the 
same as described in the Memory Read Mode, except that ENGl is used to generate the Private Data Request control 
line (PDR0)(3H5) rather than PDAO. Data from the device is loaded into the MDR on the trailing edge of either Load 
Data Register High {LDRH0)(2R2) or Load Data Register Low (LDRL0)(2R2), depending on which eight bits are being 
loaded. In the Halfword Transfer Mode, both LDRHO and LDRLO are generated simultaneously. With WTl active, the 
generation of EDXl is delayed by activatii^ the clear input to the one-shot (3H8) when the Buffer Active flip-flop is set 
(BACT1)(3H1), if either the transfer to the device is on an odd boundary or when a Match is detected (MCH0)(5J2). This 
prevents the reloading of the Data Buffer before the last halfword has been written into memory. 

4. 8 RACKO/TACKO Contention Circuit 

The Selector Channel directs the propagation of the Acknowledge signal to lower priority devices on the Multiplexor Chan- 
nel Bus as well as devices on the private SELCH Bus. If the Selector Channel Attention flip-flop (4B4) is set, the SELCH 
will capture the Receive Acknowledge signal (RACK0)(4B3), place its device address on the Data Lines and return Sync to 
the Processor, Attention Sync {ATSYN0)(4F4) active. If the Attention flip-flop is reset, RACKO is propagated as either 
Private Transmit Acknowledge (PTACK0)(4F2) or Transmit Acknowledge (TACK0)(4F3). Since devices on the private 
SELCH Bus have a higher interrupt priority than devices below the SELCH on the MPX Bus; if the Private Attention 
Test line is active {PATN0)(4B1), PTACKO will be generated rather than TACKO. Note that when MSCO is high (3F4), 
PATNO is disabled so that a device on the private SELCH Bus may not Interrupt the Processor while the SELCH is active. 

5. MAINTENANCE, TROUBLE SHOOTING, AND TEST 

Before attempting any maintenance or testing, insure that the necessary back panel modifications have been made in 
accordance with the Model 70 Selector Channel Installation Specification 02-232A20. 

To insure a 2,000,000 Byte/second transfer rate in the Byte Transfer Mode, it is necessary to limit the maximum delay 
between PDAO, PDRO, and PSRO and the return of Sync from the device (PSYNO), to 30 nanoseconds. In addition, the de- 
vice must be ready for the next byte of data. Busy Status Bit reset, whenever a Status Request is made. Field testing of 
this device is contingent upon the user having appropriate software and hardware available with which to exercise the 
Selector Channel. There are no adjustments associated with this device. 



6. MNEMONICS 

The following list provides a brief description of each mnemonic found in the SELCH. The source of each signal on 
Schematic Drawing, 02-232D08, is also provided. 

MNEMONIC MEANING SCHEMATIC LOCATION 

AAR001:151 Outputs of the Auxiliary Address Register 5F1-5F9 

AC TO Accept - Request for memory accepted by Processor 4H1 

ADl Address - Active when SELCH is addressed 2K7 

ADRSO Address control line from MPX-Bus 4B8 

AG081:151 Address Gated Lines - Output 6f Address Strap 1E3 - 1E8 

ATNO Attention - Attention to Processor 4F1 

ATSYN Attention Sync - Generated by an Acknowledge Attention from 4F4 

Processor 

BACTl Buffer Active - Indicates that valid data is present in the DB 3H1 

BSY Busy - Indicates a data transfer is in progress 3F3 

CDRO Clear Data Register - Clears MDR prior to loading from MS000:150 4R2 

CBSYO Clear Busy - Terminates transfer when a match is detected SMS 

CL070 Control Line 7 - Control Line from MPX-Bus 4B6 

CLGl Control Line Gate - Gates Private Control Lines 1C2 



MNEMONIC MEANING 

CLUSO Clear Load/Unload Sequencer - Clears Sequencer 

CMDO Command Control Line from MPX-Bus 

CMC Command Gated by ADl 

COO Carry Out of the AAR - Prevents Memory 'Wrap-around' 

D000:150 Data Lines from MPX-Bus 

DAO Data Available Control Line from MPX-Bus 

DLGO Data Line Gate - Gates Data Lines and Private Data Lines 

DB001:151 Outputs of Data Buffer 

DRO Data Request Control Line from MPX-Bus 

DRGO Data Request Gated by ADl 

DX Data Transfer flip-flop 

EBSl End of Busy Set - Signals the start of a SELCH transfer 

EDXl End of Data Transfer - Signals the end of a device transfer 

EMXl End of Memory Transfer - Signals the end of a memory transfer 

ENO Enable from Memory Bus 

ENGl Engage - Gates either PDSO or PDRO 

ENMDRl Enable Memory Data Register Read - Gates contents of MDR to 
MD000:150 

ENMDWl Enable Memory Data Register Write - Gates contents of DB to 
MD000:150 

ENMSl Enable Memory Strobe - Gates contents of MS000:150 to MDR 

HWO Halfword Control Line from MPX-Bus 

INHO Inhibit from Memory Bus 

LARHO Load Address Register High - Loads AAR and AR, Bits 00:07 

LARLO Load Address Register Low - Lards AAR and AR, Bits 08:15 

LDBl Load Data Buffer - Load contents of MDR to DB 

LDRHO Load Data Register Hi^ - Loads MDR Bits 00:07 

LDRLO Load Data Register Low - Loads MDR Bits 08:15 

LFRHO Load Final Address Register High - Loads FAR Bits 00:07 

LFRLO Load Final Address Register Low - Loads FAR Bits 08:15 

MA000:140 Memory Address Lines to Memory Bus 

MCHl Match - Indicates a match between AAR and FAR 



SCHEMATIC LOCATION 
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MNEMONIC 
MD000:150 

MSO0O:15O 

MSCO 

PADRSO 

PATNO 

PCL070 

PCMDO 

PD000:150 

PDAO 

PHWO 

PSRO 

PSYNO 

PTACKO 

RACKO 

RBAO 

REQO 

SCLRO 

SGADl 

SRO 

SREQO 

SSXO 

SX 

SYNO 

TACO 

TACKO 

TAARO 

TARO 

UAAHO 

UAARLO 

WT 

WRTOA 



MEANING 
Memory Data Lines to Memory Bus 

Memory Strobed Data Lines from Memory Bus 

Multiplexor SELCH Control flip-flop 
Private Address Control Line to SELCH Bus 
Private Attention from SELCH Bus 
Private Control Line 7 to SELCH Bus 
Private Command Control Line to SELCH Bus 
Private Data Lines - SELCH Bus 

Private Data Available Control Line to SELCH Bus 

Private Halfword Control Line from SELCH Bus 

Private Status Request Control Line to SELCH Bus 

Private Sync from SELCH Bus 

Private Transmit Acknowledge to SELCH Bus 

Receive Acknowledge from MPX-Bus 

Reset Buffer Active - Resets Buffer Active flip-flop 

Request - Request for memory cycle to Memory Bus 

System Clear - Initialize Signal 

Set Gate - Sets Address flip-flop 

Status Request Control line from MPX-Bus 

Set Request - Initiates a request for memory 

Set Status Transfer - Sets the Status Request flip-flop 

Status Transfer - Status Request flip-flop 

Sync to MPX-Bus 

Transmit Accept - To lower priority DMAs 

Transmit Acknowledge - To lower priority devices on MPX Bus 

Toggle Auxiliary Address Register - Increments AAR 

Toggle Address Register - Increments AR 

Unload Auxiliary Address Register High - Unloads AAR Bits 00:07 

Unload Auxiliary Address Register Low - Unloads AAR Bits 08:15 

Write flip-flop 

Write to Memory Bus, when selected 



SCHEMATIC LOCATION 
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02-232 SELECTOR CHANNEL 
PROGRAMMING SPECIFICATION 



1. INTRODUCTION 

The 02-232 Selector Channel (SELCH) controls the transfer of data between I/O devices and memory at rates of up to 
2,000,000 bytes per second. Up to 16 I/O devices can be connected to the Selector Channel, but only one device can 
transfer data at a time. The advantage In using the Selector Channel is that other program processing can occur simul- 
taneously with the transfer of data between the I/O device and memory. This is accomplished by allowing the Selector 
Channel and the Processor to access memory on a cycle-stealing basis. In some instances, the execution times of the 
program in progress are affected, while in others, the effect is negligible. This depends upon the rate at which the 
Selector Channel and Processor both compete for access to memory. Data transfer to the device may be made in either 
the Byte or Halfword Mode. Figure 1 is a block diagram which shows the incorporation of the Selector Channel into the 
INTERDATA peripheral system. 
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Figure 1. Systems Interface Block Diagram 



2. CONFIGURATION 



The 02-232 Selector Channel is used with Model 70, Model 80, or other compatible Processors. The Selector Channel 
requires one 15 inch board, and one slot in a 15" chassis. 

The priority of the Selector Channel is determined by its position on the Multiplexor Bus. Devices on the Selector Chan- 
nel Private Bus have higher priority then devices which appear after the Selector Channel in the daisy chain of the Mul- 
tiplexor Bus. Refer to 02-232A20 for installation Information. 

3, OPERATING PROCEDURES 

The 02-232 Selector Channel is controlled solely by programmed I/O sequences over the Multiplexor Bus. 

4. DATA FORMAT 

Not applicable to the 02-232 Selector Channel. 



5, PROGRAMl\'nNG INSTRUCTIONS 

Table 1 illustrates the Selector Channel Status and Command Byte coding. A Sense Status instruction (SS or SSR) is 
used to transfer the status byte from the Selector Channel Device Controller to the Processor. The least significant 
four bits (4:7) of the status byte are copied into the Condition Code during the Sense Status operation. Branch instruc- 
tions can test these four bits directly. 

The Output Command instruction (OC or OCR) causes a command bj^te to be sent to the Selector Channel Controller. 

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA 



BIT NUMBER 
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5 
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STATUS BYTE 
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COMMAND BYTE 






READ 


GO 


STOP 









STATUS 



BSY 
COMMAND 



This bit is set when the Selector Channel is in the process of transferring data. 



READ This command changes the mode of the Selector Channel from Write to Read, In 

the Read Mode, data is transmitted from the active device on the Selector Chan- 
nel and written into memory. Whenever a data transmission has been completed, 
the Selector Channel is placed in the Write Mode. Each time a Read operation is 
required, a Read Command must be issued. 



GO 



This command initiates a data transmission. This command can be issued at the 

£0 COljCXWliOlJCV^, 



STOP This command halts any data transmission in progress, and initializes the Selector 

Channel for starting a new operation. It should be given when the Selector Chan- 
nel terminates. 

The Write Data (WD or WDR) or Write Halfword (WH or WHR) instructions may be used to send the starting and final 
addresses to the Selector Channel Controller, 

The Read Data (RD or RDR) or Read Halfword (KH or RHR) instructions may be used to obtain the last Processor mem- 
ory location either written into or read from memory. 

The Read Block (RB or RBR) or Write Block (WB or WBR) instructions should not be used since the status byte pro- 
duced by an idle SELCH is the status of any active device on the SELCH Bus with Bit-4 (BSY) forced to zero. De- 
pending on the device status, the Read Block or Write Block instructions may terminate, 

NOTE 

The user should be aware that programs 
using Block l/O instructions to control 
the SELCH may not work when using the 
02-232 Selector Channel. 

If an interrupt is pending, an Immediate Interrupt or Acknowledge Interrupt instruction (AI or AIR) clears the interrupt 
and causes the device number of the Selector Channel to be sent to the Processor. If the Acknowledge Interrupt instruc- 
tion is used, the SELCH status is also sensed by the Processor. The SELCH status is the status of the peripheral de- 
vice in use with BSY forced to a zero. 

6. PROGRAMMING SEQUENCES 



Programming a device on the Selector Channel consists of setting up the device, setting up the Selector Channel, and 
sending a GO command to the Selector Channel. When all devices on the Selector Channel are idle, the Selector Bus 
becomes a part of the Multiplexor Bus. This provides the path to set up the device and the Selector Channel. 



The last de\'ice addressed prior to sending the GO command is the device the Selector Channel controls, assuming that 
the device is connected to the Selector Channel. The program must, therefore, send the GO command before addressing 
any other device. Note that when the SELCH device is being addressed, prior to the GO command, the Single Mode may 
not be used since the Display Panel is addressed in this mode. 

During data transfer, the Selector Channel provides a direct data path between the device and memory. Until the trans- 
fer is complete, no I/O instruction can be issued to any device on the Selector Channel Bus, including the device trans- 
ferring data. If devices on the Selector Channel Bus are referenced while the Selector Channel is busy, the False Sync 
bit is set (V Condition Code). 

The initialization of a device on the Selector Channel Bus is accomplished by executing an Output Command (OC or OCR) 
instruction. Refer to the device Programming Manual for the bit configuration of the Output Command. Note that the 
Selector Channel has a unique device number just like all other I/O devices. Output Commands, as with all Input/Out- 
put instructions, affect only the device addressed. 

The Selector Channel has a 16-bit incrementing Address Register and a 16-bit Final Address Register, The user pro- 
gram loads the starting address into the Incrementing Address Register and the final address into the Final Address 
Register, Transfer is completed when the incrementing Address Register matches the Final Address Register. The 
address limits are expressed inclusively; transfers begin and end on the addresses placed in the starting and final ad- 
dress registers. 

The memory is addressed on halfword boundaries; that is, each time memory is accessed, two bytes or a halfword are 
obtained. 16-bit addressing is used, with the least significant bit, Bit-15, determining the hyte desired. See Figure 2. 
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Figure 2. Memory Addressing 

Each time the Selector Channel accesses memory, two bytes (halfword) are transferred. It is mandatory that data trans- 
fers begin on a halfword boundary. The following results if data transfers are ended on byte boundaries: 

1. Write Mode (memory to device) - End on byte boundary (Bit-15 = 0) - No effect. 

2. Read Mode (device to memory) - End on byte boundary (Bit-15 = 0) - The previous contents 
of the last odd byte in memory is written into the current odd byte in memory. See Figure 3. 
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Figure 3. Memory Configuration, End on Byte Boundary 

The user program specifies the mode, either Read or Write, and gives the GO command. The following sections pro- 
vide details for programming the Selector Channel, 



6, 1 Starting and Final Addresses 

An Output Command with the Stop bit set should be issued prior to starting any operation on the Selector Channel to 
clear any preceding conditions. Four successive bytes are required to specify the starting and final addresses of the 
user's buffer area. Either the Write Data (WD or WDR) or Write Halfword (WH or WHR) instructions may be used to 
send the starting and final addresses to the Selector Channel Controller. Figure 4 defines the four bytes used for ad- 
dressing. 



f 


— STARTING ADDRESS 










/ 










►I5| 


/ 


1 


2 






3 


4 


\ 



•FINAL ADDRESS 

1. Starting Address High (Bits 0:7) 

2. Starting Address Low (Bits 8:15) 

3. Final Address High (Bits 0:7) 

4. Final Address Low (Bits 8:15) 

Figure 4. Starting and Final Address Data Bytes 

6.2 Status and Commands 

A Sense Status instruction (SS or SSR) is used to transfer the status byte from the Selector Channel Device Controller 
to the Processor. The least significant four bits (4:7) of the status byte are copied into the Condition Code during the 
Sense Status operation. Branch instructions can test these four bits directly. The status byte returned by the SELCH 
when idle, is the status of any device on the SELCH Bus with Bit-4 (BSY) forced to a zero. The Output Command in- 
struction (OC or OCR) is used for transmitting the command byte to the Selector Channel Controller, 

6.3 Termination 

Data transmission between the Selector Channel and the device presently connected to it is halted if any of the following 
conditions occur: 

1. The starting address matches the final address. This denotes a normal termination. 

2. The starting (incrementing) address goes from all Ones to all Zeros (maximum count). In this case, 
a match has not occurred and is considered an abnormal termination. 

3. Any of the DU, EOM, or EX status bits of the device presently connected to the Selector Channel 
changes to a One. This is also an abnormal termination. 

4. A Stop command is sent to the Selector Channel via a user program. 

The termination condition is determined in one of two ways: by a status scan, or by the interrupt method. These 
methods are described in the following paragraphs. An Output Command Stop should be issued to the Selector Chan- 
nel following its termination. 

NOTE 

In the status scan method of programming, it is possible for the 
Busy Bit to change from One to Zero during a Sense Status in- 
struction without returning the SELCH to Idle. To guarantee the 
Idle Mode after Busy = on the Sense Status instruction, a Stop 
command should be sent to the SELCH. 



Status Scan. The status of the Selector Channel Controller may be examined by issuing a Sense Status instruc- 
tion (SS or SSR). The Busy Bit (Bit-4) is a One while transmission is in progress, and Zero when transmission 
is terminated. One method of testing for termination would be to continually or periodically test the Busy Bit 
of the Selector Channel Controller. The change from One to Zero would then indicate the termination of a data 
transfer. When the Selector Channel is busy, only the Busy Bit (Bit-4) is present in the status byte and all 
other bits are Zero. At termination, the status of the device is presented in the status byte, except for the 
Busy Bit which is Zero. 

Interrupt Method. When data transmission is initiated on the Selector Channel, the interrupts are always enabled. 
If external device interrupts are enabled (PSW Bit-1 set), the Processor is interrupted when the Selector Chan- 
nel terminates. The interrupt can be serviced via Immediate Interrupt or Acknowledge Interrupt instruction 
(AI or AIR), which clears the interrupt and causes the device number of the Selector Channel (X'FO' preferred) and 
status of the peripheral de\4ce to be sent to the Processor. The Busy Bit is treated in the manner described pre- 
viously for Status Scan. 



6,4 Reading the Final Address 

The last Processor memory location either written into or read from may be obtained by executing a pair of Read Data 
instructions (RD or RDR) or a Read Halfword instruction (RH or RHR), The Read Block instruction (RB or RBR) should 
not be used. This information permits a user program to verify a successful data transmission or determine at what 
address term.ination occurred. Figure 5 illustrates the order in which the data is read into the Processor. 
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1. Final Address High (Bits 0:7) 

2. Final Address Low (Bits 8:15) 



Figure 5. Read Data Instructions 



INT ERRUPTS 






8. INITIALIZATION 

Whenever the Initialize switch (INT) on the Display Panel is depressed, or a Stop command is issued, the following 
actions occur: 

1. Any data transmission in process is halted and the Stop Mode is effected. 

2. The Selector Channel is placed in the Write Mode. 

3. The Selector Channel is placed in the Idle Mode. 

4. The Selector Channel interrupt is reset. 

9. DEVICE NUMBER 

The Selector Channel is normally assigned device number X'FO', but may easily be changed by a minor wiring modifi- 
cation on the Selector Channel Device Controller board. Refer to the Installation Specification, 02-232A20, for specific 
details. 

10. SAMPLE PROGRAM 

Appendix 1 presents a sample driver program for a magnetic tape unit connected to the Selector Channel. The purpose 
of this sample prograjn is to show the program instructions used to control the Selector Channel and the order in which 

they may be executed. 

The function of Subroutine 1 is to prepare the Selector Channel and device for a d&ta transfer. Upon entry to Subroutine 
1, Steps 1, 2, and 3 load the device number of the Selector Channel into a register and tests the Selector Channel's Busy 
Bit. If the Busy Bit is set, return is made to the calling program via the Busy Exit. If the Selector Channel is idle. 
Steps 5- and 6 test the status of the tape unit. If the tape unit status reveals It is available, Step 7 sends a command to 
the tape unit. If the tape unit is not available, return is made to the calling program via the error return exit. Steps 
8 through 11 load the Selector Channel's Address Register. Step 12 then gives the GO command to the Selector Chan- 
nel initiating the data transfer. 

The function of Subroutine 2 is to service the Interrupt caused by the Selector Channel. Step 14 acknowledges the Inter- 
rupt, and at the same time loads the status of the device into register Status. Steps 15 and 16 read the incrementing 
(start) register of the Selector Channel and load the results into memory locations, LFINLH and LFEXLL. Steps 17 
through 19 compare the actual ending address to that loaded into the Final Address Register. If not equal, return is 
made to the call program via the error return exit; If equal, return is made to the normal return. 
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MODEL 70 MEMORY PROTECT 
INSTALLATION SPECIFICATION 



1. INTRODUCTION 

This specification provides the necessary information for the installation of the 02-236 Memory Protect Module in a 
Model 70 Processor System. The module assembly consists of one 35-396 7" board and one 17-169 cable. The 35-396 
7" board must be strapped to a blank 7" board or an active 7" board (e.g. Universal Clock Module) by an INTERDATA 
16-398 Half Board Kit, so that it may be installed in a chassis designed for standard 15" boards. The Memory Protect 
Module may be installed in either the right or left half position, depending on the system configuration. See Figure 1. 
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NOTE: 35-396 7" BOARD CAN BE LOCATED ON 
EITHER SIDE. 



Figure 1. 7" Board Assembly 



2. UNPACKING 



When the Memory Protect Module Is shipped with a system, it is installed at the factory so there is no special unpack- 
ing procedure. If the module assembly is purchased separately, it should be inspected for damage prior to installation. 



3. LOCATION 

The .35-396 Memory Protect Module 7" board, once assembled using a half board kit, may be installed in any available 
l/O slot of a standard 15" chassis which is located no more than one chassis from the Processor. 



NOTE 



Normally it is required that the Memory Protect Module be installed 
as the highest priority device controller (with respect to interrupts) 
on the Multiplexor Bus to insure proper recognition and response to 
Memory Protect violation interrupts that may occur in the system. 
This is accomplished by installing the Memory Protect Module in the 
first available I/O slot with respect to the daisy chain priority line, 
and rerouting the RACKO/TACKO line which is ordinarily connected 
first to the built-in Teletjrpewriter controller. See Section 4. 



4. BACK PANEL WIRING 



To insure that the Memory Protect has the highest priority on the Multiplexor Bus, the RACKO/TACKO line on the Pro- 
cessor chassis back panel must be rerouted. Refer to Figure 2 during the following rerouting procedure. 



1. Remove the RACKO/TACKO jumper from the slot occupied by the Memory Protect Module, 
jumper is located between Terminals 122 and 222 on the selected slot. 



The 



2. Break the daisy chain line from the next higher priority device controller and to the next lower 
priority device controller, at Terminals 122-1 and 222-1 on the Memory Protect Module's 
selected slot. Connect the TACKO Terminal 222-1 from the next hi^er priority device to 
the RACKO Terminal 122-1 on the next lower priority device controller on the Multiplexor 
Bus. This removes the Memory Protect Module from the daisy chain priority sequence, and 
re-establishes the daisy chain to lower priority device controllers. 



3. Break the connection between Acknowledge Interrupt (ACKAOO) Terminal 236-0 and Teletypewriter 
Receive Acknowledge (RACKO) Terminal 234-1 on the I/O Board, Slot 5. This disconnects the 
Teletypewriter device controller from the Acknowledge Interrupt (ACKAOO) line. 



Connect a jumper between Memory Protect Module RACKO Terminal 122-1 and I/O Board ACKAOO 
Terminal 236-0. This connects the Memory Protect Module as the first device controller in the 
RACKO/TACKO line. 



Connect a jumper between Memory Protect Module TACKO Terminal 222-1 and I/O Board 
Teletypewriter RACKO Terminal 234-1. This connects the Teletypewriter as the second 
device controller in the RACKO/TACKO line. 



The Memory Protect Module is now the highest priority device controller in the daisy chain. The built-in Teletypewriter 
device controller is second in priority and the remaining device controllers are as before in their required sequence. 
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Figure 2. RACKO/TACKO Rerouting with Memory Protect Module 



5, CABLE CONNECTION 

Install the 17-169 cable between the 35-396 Memory Protect board and the 35-387 Memory Control board. See Figure 
3. The Memory Control board is located in Slot 4 of the Central Processor Unit (CPU) chassis. 



17-169 




Figure 3. Cable Connection 

6, STRAP OPTIONS 

6. 1 Address Strapping 

The preferred address of the Memory Protect Controller is X'AE'. The module is strapped for this address at the fac- 
tory. To chaise the address, refer to Functional Schematic 02-236D08, Sheet 1. 

6. 2 Block Size Option 

The Memory Protect Controller is strapped for 1,024 Byte blocks at the factory. To change the block size, refer to 
the Block Size Table on Sheet 2 of Functional Schematic 02-236D08. 

NOTE 

The alpha-numeric designations referred to 
on the functional schematic, indicate similar 
designations on the apparatus side of the 
printed circuit board. 

7. INSTALLATION CHECKS 



To insure proper operation of the Model 70 Memory Protect, Test Program 06-123F04 should be executed in accor- 
dance with its test program description. 



02-236A21 
January 1972 



MODEL 70 MEMORY PROTECT 
MAINTENANCE SPECIFICATION 



1. INTRODUCTION 

The 02-236 Model 70 Memory Protect provides a means of allocating selected blocks of memory to be protected. The 
Memory Protect Controller (MPC) converts a Write operation to any location in a protected block to a Read operation, 
notifies the Processor via an interrupt, and sets a status bit in the controller. The memory may be partitioned into 
a maximum of 64 blocks with individual protect control for each block. An overall protection override provides a means 
of loading any area in memory. 

The Model 70 Memory Protect consists of one Memory Control mother -board and one cable. The cable interconnects 
the Memory Protect Controller with the Memory Control board of the Central Processor Unit (CPU). Refer to the In- 
stallation Specification, 02-236A20, for necessary installation information. 

2. SCOPE 

This specification describes the functional operation of the Memory Protect Controller and its associated circuits in 
the Processor. This specification contains a block diagram analysis, a functional diagram analysis, timing information, 
and a mnemonic list for the Memory Protect Controller. Strapping information for block size selection is found on 
Sheet 2 of Functional Schematic 02-236D08. 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the block diagram of the Memory Protect Controller (MPC) on Sheet 3 of Functional Schematic 02-236D08. 

Prior to installation, the Memory Protect should be strapped for the desired block size. The following block sizes 
may be selected; 512 bytes, 1,024 bytes, or 2,048 bytes. Refer to the table on Sheet 2 of Functional Schematics 
02-236D08 for strapping information. 

Having selected the desired block size, the MPC is setup by the Processor via the Multiplexor Channel Bus. This set- 
up includes the loading of the 64-bit Mask Register with the block or blocks to be protected, either selecting or over- 
riding the protect function, and either armir^ or disarmir^ the I/O interrupts at the controller. The loading of the 64 
bit Mask Register is accomplished by steering up to eight Data Availables (DAs), by the Control Circuit, to the Maski 
Register. The most significant bit of the first DA corresponds to block one, the next less significant bit of the first 
DA corresponds to block two, etc. 

The Memory Protect Controller constantly monitors the true outputs from the Memory Address Register in the Pro- 
cessor (MA001A:MA061A) and generates Protected Address (PRTADl) whenever a protected memory address, as de- 
fined by the 64-bit Mask Register, is accessed. Meanwhile, if protect is enabled at the Processor, and a Write oper- 
ation is attempted. Protect (PRTECTO) is generated on the Memory Control board and sent to the MPC. PRTECTO is 
ANDed with Protected Address (PRTADl) and Override Protect (ORPl), by the MPC Control Circuit, to generate CWRO. 
CWEO is in turn sent to the Read flip-flop on the Memory Control board. It sets the Read flip-flop which disables the 
Write attempt and causes a normal Read operation to be performed. 

CWRO also sets a status bit in the controller and generates an interrupt, when enabled, to indicate to the program that 
an attempt was made to Write to a protected area in memory. 



4. FUNCTIONAL DIAGRAM ANALYSIS 

4. 1 Introduction 

To understand INTERDATA functional schematics, it must be noted that the last character in the mnemonic symbol des- 
ignates the logic level when the signal is active. For example; D080 is Data Line Number 8 and the last character 
means that when D080 is active, the line is at a logical Zero level. 

This section relates to Functional Schematic 02-236D08. 

4.2 Multiplexor Bus Communication 

When the Memory Protect Controller is addressed by the Processor, all highs are presented to the inputs of the NAND 
gate at 1G3. The output from this gate is inverted and applied to the J input of the Address flip-flop (AD)(1L3) while 
the non-inverted signal is applied to the K input of the Address flip-flop. The trailing edge of ADRSO todies the Ad- 
dress flip-flop set producing ADl. 

The Processor is notified that the address was recognized by a device controller by activating SYNO (1H7). SYNO is 
generated by ADSYNO (1D6), which is the ANDed output of ADRSl and the recognition of the address. SYNO is gener- 
ated for each of the other control signals (CMD, DR, DA, and SR) by gating them with an active ADl and applying the 
gated output to the NAND gate at 1E7. 

If an interrupt is generated by this controller, the Attention flip-flop (1J9) is set, and Attention (ATNO) is sent to the 
Processor. When the Processor acknowledges this interrupt. Receive Acknowledge {RACK0)(1L8) becomes active. 
RACKO is inverted and applied to the contention circuit (1R5) which generates either Attention Sync (ATSYNO), when 
ATNl is active or Transmit Acknowledge (TACKO), when ATNl is inactive. ATSYNl (1H8) gates the address onto Data 
Lines 8:15, and its falling edge resets both the ATN and the Write Attempt (WATT) flip-flops. Interrupts may be en- 
abled and disabled, via program control, by the settii^ or clearing of the ARM/DISARM flip-flop (1M7). Initialize 
(SCLRO active) or an Output Command with Bit-8 active and Bit-9 inactive, sets this flip-flop to the Disarm state, and 
an Output Command with Bit-8 inactive and Bit-9 active, places it in the Arm state. In the Disarm state, a low is pre- 
sented to the direct clear input of the ATN flip-flop, preventing it from becoming set, 

4. 3 Status and Command 

The Status and Command Byte data is shown in Table 1. 



TABLE 1, MEMORY PROTECT STATUS AND COMMAND BYTE DATA. 



BIT NUMBER 





1 


2 


3 


4 


5 


6 


7 


STATUS BYTE 






PON 


PWF 




EX 






COMMAND BYTE 


DISARM 


ARM 


PON. 


POFF 











PON 

PWF 

EX 

DISARM 

ARM 

PON 

POFF 



Indicates that protect is enabled. 

Indicates that an attempt was made to Write into a protected memory area. This bit 
is reset by an Output Command, or an Acknowledge Interrupt instruction. 

Examine is set when PWF is set. 

Disables interrupts. They will not be queued. 

Enables interrupts. 

Enables the protect function on the controller. 

Disables the protect function on the controller. 



4. 4 Load Mask Sequencer 

The load mask sequencer steers up to eight Data Availables (DAs) to load the 64-bit Mask Register with the desired pro- 
tect pattern. The four-bit counter (2L7) is initialized by CLl which is the OR output from SCLRO and CMGO {1H9). When 
initialized, all outputs from the counter are at a logical Zero level. This causes the first DA to activate BADG20 which 
enables the loading of the two 4x4 register stacks located at 2G2 and 2G6. Since BADOl and BADll are both low, the 
first DA loads Word '0' into the two registers. The trailing edge of DAGO increments the counter, allowing the next 
DA to load Word '1' into the same two registers (BADOl active). For the last four DA outputs, output C from the 
counter is high causing these DAs to activate BADG30 which enables the loading of the remaining two register stacks. 
If more than eight DAs are issued, wrap-around occurs (i.e. , the ninth DA will once again load Word '0' into the 
first pair of registers). 

4. 5 F>rotect Pattern Recognition 

The Memory Protect Controller constantly monitors the true outputs from the Memory Address Register (MAR) in the 
Processor (MA001A:MA061A). The MAR outputs are strapped in accordance with the table on Sheet 2 of Functional 
Schematic 02-236D08 for the desired block size, to generate Memorj' Address Lines MAOl to MA051 (2C3-267). The 
four most significant signals, MA01:MA031, are decoded by the four-to-four line decoder (2D2-2D9) to enable one of 
the four register stacks and to select one of the four-bit words of that register for a particular group of memory ad- 
dresses. 

Each of the four outputs from the four-bit register stacks is OR tied with the corresponding output from the other reg- 
ister stacks (i.e. , the 1 output from register 35 is OR tied with the 1 output from register stacks 34, 33, and 32), but 
only the selected stack may be active. The two least significant memory address bits monitored by the Memory Pro- 
tect Module for any given block size, MA41 and MA51, are used to select one of the four outputs of the selected regis- 
ter stack (2L3). This selection is accomplished by the four-to-one line multiplexor (2M8). If the selected data input 
to the multiplexor is high, the Protected Address signal (PRTADl) is active. 

Each time a Memory Write function is decoded by the Processor with Program Status Word (PSW) Bit -7 set, PRTECTO 
is generated unless the Write function is a privileged write. The one-shot at 2K5 generates a pulse approximately 60 
nanoseconds in duration on the trailing edge of PRTECTO. This pulse, when the protect function is enabled in the mod- 
ule, ORPl and PRTADl active, generates CWRO and ASATNO. These signals (CWRO and ASATNO) cause the Write at- 
tempt by the Processor to be converted into a Read operation, and the Attention flip-flop in the Memory Protect Module 
to be set respectively. 

5. TIMING 

Refer to Figure 1. Worst case delays are indicated. 

-MEMORY ADDRESS BUS SETTLED 



MAOOIA- 
MA06IA 


• — 100 n» — • 










PRTADl 








PRTECTO 






' 














CWRO 












60 ns ]• 


— 













Figure 1. Memory Protect Timing 



6. MAINTENANCE AND TESTS 



The Memory Protect Module requires no adjustments. Before attempting any maintenance or testir^, insure that the 
cable and the controller are installed properly. Refer to the Installation Specification, 02-236A20, for necessary in- 
stallation information. 



To test the Memory Protect Module, run the Memory Protect Test 06-123F04 in accordance with its test program de- 
scription. 



MNEMONICS 



The following list provides a brief description of each mnemonic in the Memory Protect Module. The source of each 
signal on Schematic Drawing 02-236D08 is also provided. 



MNEMONIC 
AD 

ADRSO 

ADSYNO 

ASATNO 

ATN 

ATSYNO 

BADOl-U 

BADG20-30 

CLl 

CMDO 



D080:D150 

DAO 

DRO 

MA001A:061A 

MA01:051 

ORPl 

PRTADl 

PRTECTO 

RACKO 

SCLRO 
SRO 
SYNO 
TACKO 



SCHEMATIC LOCATION 



MEANING 
Address flip-flop 1M3 

Address control line from CPU 1J4 

Address Sync - Causes Sync to be returned on an ADRSO 1M4 

Set Attention - Sets the Attention flip-flop on a protect violation 2R4 

Attention flip-flop 1J8 

Attention Sync - Causes Sync to be returned on an Acknowledge 1S5 

Interrupt 

Block Address - Selects the indicated word in the 64-bit Mask 2M6 

Register 

Block Address Gated - Enables the indicated pair of registers 2S6 

in the 64-bit Mask Register 

Clear - Initialize the load mask sequencer on a Command or 1K9 

System Clear 

Command control line from the CPU 

Convert Write to Read - To CPU to change the Write operation 
into a Read operation 

Data Lines from the CPU 

Data Available control line from the CPU 

Data Request control line from the CPU 

Ungated Memory Address from the Memory Address Register 

Memory Address lines selected by the Block Size strapping 

Override Protect - Overrides the protect function of the 
Memory Protect Module 

Protected Address - Indicates that the Memory Address Register 2N3 

in the CPU contains a protected address when active. 

Protect - Generated by the Processor when a non-privileged 2 J5 

Write attempt is made 

Receive Acknowledge - Acknowledge from the lower priority 1L8 

device in the RACKO/TACKO daisy chain 

System Clear from the CPU 1A8 

Status Request control line from the CPU 1A8 

Sync - Composite Sync signal to the CPU 1G7 

Transmit Acknowledge - Acknowledge to the higher priority 1S6 

device in the RACKO/TACKO daisy chain 
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MODEL 70 MEMORY PROTECT 
PROGRAMMING SPECIFICATION 



1. INTRODUCTION 

The 02-23G Model 70 Memory Protect provides a means of allocating selected blocks of memory to be protected from 
user writing. The Memory Protect Controller (MPC) converts a Write operation to any location in a protected block 
to a Read operation, notifies the Processor via an interrupt, and sets a status bit in the controller. The memory may 
be partitioned into a maximum of 64 blocks with individual protect control for each block. Block sizes of 512 bytes, 

1, 024 bytes, or 2, 048 bytes may be selected by strap options on the controller. Refer to Installation Specification 
Ao oo<;Aon f,>v. Ki^^v cnVo ctT-cnnino- infnvTTiatinn . An nverall Drotection override orovides a means of disabling the 
protect function at the controller. Note that the protect function is enabled at the Processor only when Bit-7 of the 
current Program Status Word is set. When Bit-7 is reset, all Writes are treated the same as Privileged Writes 
(i.e. protect disabled). 

2. CONFIGURATION 

The Model 70 Memory Protect consists of one Memory Control mother-board and one cable. The cable interconnects 
the Memory Protect Controller with the Memory Control Board in the Central Processor Unit (CPU). The priority of 
the Memory Protect Controller on the Multiplexor Bus is determined by its installation in the systems chassis. Refer 
to 02-236A20 for installation information. 



NOTE 

It is imperative that the Memory Protect 
Controller have the highest priority on 
the Multiplexor Bus, to avoid ambiguity 
in identifying the source of a protect vio- 
lation when executing interrupt routines 
with I/O interrupts enabled. 



3. OPERATING PROCEDURES 

The Model 70 Memory Protect is controlled by programmed I/O sequences using the Multiplexor Bus. See Sections 5 and 6. 

4. DATA FORMAT 

Refer to Appendix 1 for the definition of the Load Mask Bytes. 

5. PROGRAMMING INSTRUCTIONS 

The Output Command instruction (OC or OCR) causes a command byte, as defined in Table 1, to be sent to the controller. 
Any command causes all status except Protect On (PON) to be reset, and the Load Mask Sequencer to be initialized. The 
Sense Status instruction (SS or SSR) is used to read the status byte, as defined in Table 1, from the Memory Protect Con- 
troller. The status byte reflects the operational state of the controller. The least significant four bits (4:7) of the status 
byte are copied into the Condition Code of the current Program Status Word so they can be tested directly by the use of 
Branch instructions. 

The Write Data (WD or WDR), Write Halfword (WK or WTIR), or the Write Block (WB or WBR) instructions may be used 
to load the protect pattern into the controller. 



TABLE 1. MEMORY PROTECT STATUS AND COMMAND BYTE DATA 



BIT NUMBER 





1 


2 


3 


4 


5 


6 


7 


STATUS BYTE 






PON 


PWF 




EX 






COMMAND BYTE 


DISARM 


ARM 


PON 


POFF 











STATUS 
PON 
PWF 



EX 
COMMAND 
DISARM 
ARM 
PON 
POFF 



Indicates that protect is enabled. 

Indicates that an attempt was made to Write into a protected mem- 
ory area. This bit is reset by an Output Command, or an Acknowl- 
edge Interrupt instruction. 

Examine is set when PWF is set. 



Disables interrupts. They will not be queued. 
Enables interrupts. 

Enables the protect function at the controller. 
Disables the protect function at the controller. 



If an interrupt is pending, the Acknowledge Interrupt instruction (AI or AIR) clears the interrupt and causes the inter- 
rupting device address and status to be read into the Processor. Executing an Acknowledge Interrupt instruction when 
no interrupt is pending, results in a device address of zero and a status of X'04', 

6. PROGRAMMING SEQUENCE 

The setting up of the Memory Protect Controller consists of loading the desired protect pattern into the controller, en- 
abling the protect function, and either Arming or Disarming the interrupts. Any Output Command initializes the load 
sequencer in the controller so that the first byte to the protect module, following the Output Command, will load the 
Mask Register, Blocks 0:7, Refer to Appendix 1 for the correspondence between the load mask-bytes, block size, and 
memory addresses protected. An active bit in the load mask byte masks (protects) the selected addresses. If more 
than eight bytes are used to load the Mask Register, wrap-around occurs (i.e. the ninth byte once again loads blocks 
0:7). For the 2K byte block size option only four bytes are required to protect maximum memory, 64K. If more than 
four bytes are issued, bytes 4:7 load the Mask Register but are not used. The Protect Enable Command and Arm or 
Disarm Command may be issued simultaneously. 

After setting up the Protect Controller, Bit-7 of the Program Status Word must be set to enable the protect function at 
the Processor. 

7. INTERRUPTS 

An interrupt can be used to signal the Processor that an attempt was made to Write into a protected area in memory. 
In the Arm state, interrupts are armed and enabled. In the Disarm state, interrupts are neither enabled not queued. 

When an interrupt is acknowledged by an Acknowledge Interrupt instruction (AI or AIR) the interrupt is cleared and 
all status bits except PON are reset. The normal status returned by an Acknowledge Interrupt is X'20'. 

8. INITIALIZATION 

During power up, power down, or whenever the Initialize (INT) switch on the Display Panel is depressed, the Memory 
Protect Controller is placed in the Disarm state with all status conditions reset. The Load Mask Sequencer is initial- 
ized and the protect function is disabled at the controller. 

9. DEVICE NUMBER 

The Model 70 Memorj' Protect is normally assigned device address X'AE'. This address can be changed by the mod- 
ification of straps on the controller. Refer to the Installation Specification 02-236A20, for details about the wiring 
alteration. 

10. SAMPLE PROGRAM(S) 

Not applicable to the Model 70 Memory Protect. 
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MODEL 70 MEMORY PROTECT 
PROGRAMMING SPECIFICATION 



1. INTRODUCTION 

The 02-23G Model 70 Memory Protect provides a means of allocating selected blocks of memory to be protected from 
user writing. The Memory Protect Controller (MFC) converts a Write operation to any location in a protected block 
to a Read operation, notifies the Processor via an interrupt, and sets a status bit in the controller. The memory may 
be partitioned into a m.aximAim of 64 blocks with individual protect control for each block. Block sizes of 512 bytes, 

1, 024 bytes, or 2, 048 bytes may be selected by strap options on the controller. Refer to Installation Specification 
Ao ooi:\9r\ tv>„ v^Tnnh oi-ro ctTOTM-iinp- infnvTvia+inn An nvpmll TiT-ntfintinn overridfi orovides a means of disabline: the 
protect function at the controller. Note that the protect function is enabled at the Processor only when Bit-7 of the 
current Program Status Word is set. When Bit-7 is reset, all Writes are treated the same as Privileged Writes 
(i.e. protect disabled). 

2. CONFIGURATION 

The Model 70 Memory Protect consists of one Memory Control mother-board and one cable. l"he cable interconnects 
the Memory Protect Controller with the Memory Control Board in the Central Processor Unit (CPU). The priority of 
the Memory Protect Controller on the Multiplexor Bus is determined by its installation in the systems chassis. Refer 
to 02-236A20 for installation information. 



NOTE 

It is imperative that the Memory Protect 
Controller have the highest priority on 
the Multiplexor Bus, to avoid ambigtiity 
in identifying the source of a protect vio- 
lation when executing interrupt routines 
with I/O interrupts enabled. 



3. OPERATING PROCEDURES 

The Model 70 Memory Protect is controlled by programmed l/O sequences using the Multiplexor Bus. See Sections 5 and 6. 

4. DATA FORMAT 

Refer to Appendix 1 for the definition of the Load Mask Bytes. 

5. PROGRAMMING INSTRUCTIONS 

The Output Command instruction (OC or OCR) causes a command byte, as defined in Table 1, to be sent to the controller. 
Any command causes all status except Protect On (PON) to be reset, and the Load Mask Sequencer to be initialized. The 
Sense Status instruction (SS or SSR) is used to read the status byte, as defined in Table 1, from the Memory Protect Con- 
troller. The status byte reflects the operational state of the controller. The least significant four bits (4:7) of the status 
byte are copied into the Condition Code of the current Program Status Word so they can be tested directly by the use of 
Branch instructions. 

The Write Data (WD or WDR), Write Halfword (WH or WHR), or the Write Block (WB or WBR) instructions may be used 
to load the protect pattern into the controller. 



TABLE 1. MEMORY PROTECT STATUS AND COMMAND BYTE DATA 



BIT NUMBER 





1 


2 


3 


4 


5 


6 


7 


STATUS BYTE 






PON 


PWF 




EX 






COMMAND BYTE 


DISARM 


ARM 


PON 


POFF 











STATUS 
PON 
PWF 



EX 
COMMAND 
DISARM 
ARM 
PON 
POFF 



Indicates that protect is enabled. 

Indicates that an attempt was made to Write into a protected mem- 
ory area. This bit is reset by an Output Command, or an Acknowl- 
edge Interrupt instruction. 

Examine is set when PWF is set. 



Disables interrupts. They will not be queued. 
Enables interrupts. 

Enables the protect function at the controller. 
Disables the protect function at the controller. 



If an interrupt is pending, the Acknowledge Interrupt instruction (AI or AIR) clears the interrupt and causes the inter- 
rupting device address and status to be read into the Processor. Executing an Acknowledge Interrupt instruction when 
no interrupt is pending, results in a device address of zero and a status of X'04'. 

6. PROGRAMMING SEQUENCE 

The setting up of the Memory Protect Controller consists of loading the desired protect pattern into the controller, en- 
abling the protect function, and either Arming or Disarming the interrupts. Any Output Command initializes the load 
sequencer in the controller so that the first byte to the protect module, following the Output Command, will load the 
Mask Register, Blocks 0:7. Refer to Appendix 1 for the correspondence between the load mask bytes, block size, and 
memory addresses protected. An active bit in the load mask byte masks (protects) the selected addresses. If more 
than eight bytes are used to load the Mask Register, wrap-around occurs (i.e. the ninth byte once again loads blocks 
0:7). For the 2K byte block size option only four bytes are required to protect maximum memory, 64K. If more than 
four bytes are issued, bytes 4:7 load the Mask Register but are not used. The Protect Enable Command and Arm or 
Disarm Command may be issued simultaneously. 

After setting up the Protect Controller, Bit-7 of the Program Status Word must be set to enable the protect function at 
the Processor. 

7. INTERRUPTS 

An interrupt can be used to signal the Processor that an attempt was made to Write into a protected area in memory. 
Ill the Arm state, interrupts are armed and enabled. In the Disarm state, interrupts are neither enabled not queued. 

When an interrupt is acknowledged by an Acknowledge Interrupt instruction (AI or AIR) the interrupt is cleared and 
all status bits except PON are reset. The normal status returned by an Acknowledge Interrupt is X'20'. 

8. INITIALIZATION 

During power up, power down, or whenever the Initialize (DSTT) switch on the Display Panel is depressed, the Memory 
Protect Controller is placed in the Disarm state with all status conditions reset. The Load Mask Sequencer is initial- 
ized and the protect function is disabled at the controller. 

9. DEVICE NUMBER 

The Model 70 Memory Protect is normally assigned device address X'AE'. This address can be changed by the mod- 
ification of straps on the controller. Refer to the Installation Specification 02-236A20, for details about the wiring 
alteration. 

10. SAMPLE PROGRAM(S) 

Not applicable to the Model 70 Memory Protect. 



APPENDIX 1 
TABLE OF MEMORY ADDRESSES VS. BLOCKS 



BLOCK 


LOAD MASK 
DATA 


MEMORY ADDRESSES 


HEX) 


BYTE 


BIT 


. 5K BYTE 


IK BYTE 


2K BYTE 


1 








0000-OlFF 


0000-03FF 


0000-07FF 


2 





1 


0200-03FF 


0400-07FF 


0800-OFFF 


3 





2 


0400-05FF 


OSOO-OBFF 


1000-17FF 


4 





3 


0600- 07FF 


OCOO-OFFF 


1800-1FFF 


5 





4 


0800-09FF 


1000-13FF 


2000-27FF 


6 





5 


OAOO-OBFF 


1400-17rF 


2800-2FFr 


7 





6 


OCOO-ODFF 


1800- IBFF 


3000-37FF 


8 





7 


OEOO-OFFF 


ICOO-IFFF 


3800-3FFF 


9 


1 





lOOO-llFF 


2000- 23FF 


4000-47FF 


10 


1 


1 


1200-13FF 


2400-27FF 


4800-4FFF 


11 


1 


2 


1400-15FF 


2800-2BFF 


5000-57FF 


12 


1 


3 


1600-17FF 


2C00-2FFF 


5800-5rFF 


13 


1 


4 


1800- 19FF 


3000- 33FF 


6000-67FF 


14 


1 


5 


lAOO-lBFF 


3400- 37FF 


6800-6FFF 


15 


1 


6 


ICOO-IDFF 


3800-3BFF 


7000-77FF 


16 


1 


7 


lEOO-lFFF 


3C00-3FFF 


7800-7FFF 


17 


2 





2000-21FF 


4000-43FF 


8000-87FF 


18 


2 


1 


2200-23FF 


4400-47FF 


8800-8FFF 


19 


2 


2 


2400- 25FF 


4800-4BFF 


9000-97FF 


20 


2 


3 


2600- 27FF 


4C00-4FFF 


9800-9FFF 


21 


2 


4 


2800-29FF 


5000-53rr 


A000-A7FF 


22 


2 


5 


2A00-2BFF 


5400-57FF 


A800-AFFF 


23 


2 


6 


2C00-2DFF 


5800-5BFF 


B000-B7FF 


24 


2 


7 


2E00-2FFF 


5C00-5FFF 


B800-BFFF 


25 


3 





3000-31FF 


6000-63FF 


C000-C7FF 


26 


3 


1 


3200- 33FF 


6400-67FF 


C800-CFFF 


27 


3 


2 


3400-35FF 


6800-6BFF 


D000-D7FF 


28 


3 


3 


3600- 37FF 


6C00-6FFF 


DSOO-DFFF 


29 


3 


4 


3800-39rr 


7000-73FF 


E000-E7FF 


30 


3 


5 


3A00-3BFF 


7400-77FF 


E800-EFFF 


31 


3 


6 


3C00-3DFF 


7800- 7BFF 


F000-F7FF 


32 


3 


7 


3E00-3FFF 


7C00-7FFF 


F800-FFFF 


33 


4 





* 


8000-83FF 






34 


4 


1 




8400-87FF 






35 


4 


2 




8800-8BFF 






36 


4 


3 




8C00-8FFF 






37 


4 


4 




9000-93FF 






38 


4 


5 




9400- 97FF 






39 


i 


6 




9800-9BFF 






40 


4 


7 




9C00-9FFF 


N/A I 


41 


5 







A000-A3FF 






42 


5 


1 




A400-A7FF 






43 


5 


2 




A800-ABFF 






44 


5 


3 




ACOO-AFFF 






45 


5 


4 




B000-B3FF 






46 


5 


5 




B400-B7FF 






47 


5 


6 




B800-BBFF 






48 


^ 


7 




BCOO-BFFF 




' 



* If more than 32K Bytes of memory exists, and the 512 Bjrte Block option is used, the pattern defined for the first 
32K repeats itself for the second 32K. 
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APPENDIX 1 
TABLE OF MEMORY ADDRESSES VS. BLOCKS (Continued) 



BLOCK 


LOAD MASK 
DATA 


MEMORY ADDRESSES (HEX) 


BYTE 


BIT 


. 5K BYTE 


IK BYTE 


2K BYTE 


49 


6 







C000-C3FF 






50 


6 


1 




C400-C7FF 






51 


6 


2 




CSOO-CBFF 






52 


6 


3 




CCOO-CFFF 






53 


6 


4 




D000-D3FF 






54 


6 


5 




D400-D7FF 






55 


6 


6 




D800-DBFF 






56 


6 


7 




DCOO-DFFF 


M /a I 


57 


7 







E000-E3FF 


ri/ 


JTi. 


58 


7 


1 




E400-E7FF 






59 


7 


2 




E800-EBFF 






60 


7 


3 




ECOO-EFFF 






61 


7 


4 




F000-F3FF 






62 


7 


5 




F400-F7FF 






63 


7 


6 




F800-FBFF 






64 


7 


7 




FCOO-FFFF 
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MULTIPLEXOR BUS BUFFER 
INSTALLATION AND 

MAINTENANCE SPECIFICATION 

1. INTRODUCTION 

The 02-239 Multiplexor Bus Buffer (MBB) is a Processor option which regenerates the Multiplexor Bus (MB) providing 
a drive capability for up to 16 additional device controllers on the buffered Multiplexor Bus. The MBB itself presents 
one standard load to the unbuffered bus. The MBB is complete on one standard 15 inch circuit board. The unbuffered 
bus input is received on the MBB Zero (0) level connector. The regenerated (buffered) bus output appears on the MBB 
One (1) level connector. The MBB buffers all lines in the Multiplexor Bus except the three lines uniquely associated 
with the Interleaved Data Channel (i. e. DC, DCR, and RDACK). 

2. INSTALLATION 

See Figure 1. The MBB is installed in any even numbered card slot (i.e. 0, 2, 4, or 6) of a 15 inch expansion chassis. 
At the time of installation it is necessary to cut the Multiplexor Bus wiring between the even numbered slot accepting 

on the back panel is rerouted according to Figure 1. The lower numbered card slots in the chassis become buffered 
on the One (1) level connector only. 

For the convenience of cutting the Multiplexor Bus, the connections between every other slot are made using "top" 
wire wraps. This allows the cutting of the bus by simply lifting the top wraps when the MBB in installed in an even 
numbered slot. Refer to Figure 1 durii^ the following example. 

To install a MBB in Slot 4: 

1. Remove all wires on Connector One (1), between Slots 4 and 5, on Pins 11 through 26, Rows 1 and 2. 
(See backpanel map in 02-239D08, Sheet 2. ) 

2. Remove the wire between 222-0001 and 122-0700. 

Remove the RACKO/TACKO jumper between Pins 122 and 222 on both the Zero (0) and One (1) level 
connectors. 

3. Connect 122-0700 to 222-0501. 

4. Install the MBB into Slot 4 of the chassis. 

The buffered Multiplexor Bus now appears on the Connector One (1) side of Slots 4, 3, 2, 1, and 0. All other con- 
nectors in the chassis receive the unbuffered bus. To install a MBB in any other even numbered slot a similar pro- 
cedure is followed. 

I CONN I I CONN I 

I A I B 




222-0001 



NOTE : 



THE CIRCLED NUMBERS ON THE FIGURE REFER TO 
THE STEPS IN THE INSTALLATION SEQUENCE. 



Figure 1. Rear (Wiring) View, 15 Inch Expansion Chassis 



The cabling necessary for the MBB depends on the system's physical configuration. In cases where the buffered bus 
does not extend outside the chassis, no cabling is required. When the buffered bus extends to another chassis, n num- 
ber of cables can be used. See Figure 2 for a summary of all cables. Refer also to Chapter 8, Model 70 User's 
Manual, Publication Number 29-261, for further details on system configurations. 
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(A) USED TO PASS THE BUFFERED MULTIPLEXOR BUS FROM CONNECTOR 0001 TO 
^ CONNECTOR 0701 OF A 15 INCH CHASSIS MOUNTED IMMEDIATELY BELOW THE 

FIRST CHASSIS. 
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(B) USED TO PASS THE BUFFERED MULTIPLEXOR BUS FROM CONNECTOR 0001 TO 
CONNECTOR 0701 AND CONNECTOR 0700 OF A 15 INCH CHASSIS MOUNTED 
IMMEDIATELY BELOW THE FIRST CHASSIS. 



r5 



^nH39IS 



10 'CHASSIS 



IV 



1/ 



-0001 



-17-167 



0700 



(C) USED TO PASS THE BUFFERED MULTIPLEXOR BUS FROM CONNECTOR 0001 TO 
ANY ZERO LEVEL CONNECTOR IN A 10 INCH I/O CHASSIS. THIS CABLE IS 
3 FEET ±3 INCHES LONG AND IS SUFFICIENTLY LONG TO COVER THREE 
ADJACENT INCLUSIVE CHASSIS. 



Figure 2. MBB Extended Configurations and Associated Cables 

3. MULTIPLEXOR BUS BUFFER MAINTENANCE 

3.1 MBB Block Diagram Analysis 

Refer to Figure 3. The MBB provides the buffering necessary to regenerate the MB between the unbuffered MB and 
the buffered Multiplexor Bus which can drive up to 16 device controllers. 

The MBB operates on the following 27 lines: 

16 - bidirectional Data Lines (D000:150) 

6 - unidirectional Control Lines (ADRS, CMD, DA, CL070, SR and DR) 

3 - unidirectional Test Lines (HW, ATN and SYN) 

1 - unidirectional Initialize Line (SCLR) 

1 - daisy chain acknowledge Control Line (RACK/TACK) 



NOTE 

The MBB does not regenerate any of the MB lines 
uniquely associated with the Interleaved Data Channel 
(i.e. DC, DCR, and RDACK), 
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Figure 3. Multiplexor Bus Buffer, Block Diagram 



3.2 Operation 

All buses are the false type, i.e. low level active, high level inactive. The unbuffered MB connects to the MBB on the 
Zero (0) level connector. The buffered MB appears on the One (1) level connector on the MBB. Refer to Schematic 
02-233D08, Sheets 1 and 2. 

3. 3 Functional Description 

The operation of the Multiplexor I/O System is the same regardless of whether or not a MBB is used in the system. 
Referring to Schematic 02-239D08, observe that the 16 bidirectional Data Lines (D000:150) connect the unbuffered Mul- 
tiplexor Bus on Connector Zero (0) to the buffered Multiplexor Bus on Connector One (1). The direction data passes be- 
tween the two busses is defined by the two lines DOGl and DBGl which are inverse functions. With all Multiplexor Bus 
Control Lines inactive, or when any of the following control lines ADRSO, CMDO, DAO, or CL070 are active the DOGl 
line is high and data flows from Connector Zero (0) to Connector One (1). With either of the Multiplexor Control Lines 
SRO or DRO active, or RACKO active with a low on ATNO at Pin 223-1, the DBGl line is high and data flows from Con- 
nector One (1) to Connector Zero (0). 



Note that the daisy chain contention circuit can pass RACKO/TACKO to either the unbuffered bus (222-0, TACKOB) if the 
ATN signal from the buffered bus is not active, or it can pass RACKO/TACKO to the buffered bus (222-1, TACKOA) if 
the ATN signal from the buffered bus is active. Note also that the Multiplexor Bus Control Lines ADRS, CMDO, DAO, 
CL070, SRO, and DRO are mutually exclusive only one or none being active at a time. 



■1. MNEMONICS LIST 



This section provides an alphabetical list of the mnemonics used in the Multiplexor Bus Buffer (MBB). A brief de- 
scription of each mnemonic and a reference to its source on Schematic 02-239D08, is also provided. 



MNEMONIC 
ADRS 



ATN 



CL070 



D000:150 



DA 



DBGl 



DOGl 



DR 



HW 



RACK 



SCLR 



SR 



SYN 



TACKOA 



TACKOB 



MEANING 

Address Control Line, the Processor presents 
an Address Byte on Data Lines D080:150, the 
device controller accepts the Address Byte 
and responds with a SYN. 

Attention Test Line, any device controller desiring to 
interrupt the Processor will activate the ATN line in 
its MBB and hold this line until an acknowledge signal 
is received from the Processor. 

Power Fail Control Line, this control line is 
activated by the Processor when a Power Fail con- 
dition is detected by the Processor, if the Power 
Fail option Is equipped. This line is held active until the 
SCLRO signal occurs. 

The 16 bidirectional data lines used to transfer 
one 8-bit byte or one 16-bit halfword of data be- 
tween the Processor and the device controllers. 

Data Available Control Line, the Processor presents 
data on Data Lines D000:150 for transfer to the device 
controller. The device controller accepts the low 
byte or the entire halfword and responds with a SYN. 

Enables data transfer from the device controller. A high DBGl 
ANDed with the data output from the device controller, gates 
data (8-bit byte or 16-bit halfword) to the MB. 

Enables data transfer to the device controller. A hi^ 
DOGl, ANDed with the data output from the MB, gates 
data (8-bit byte or 16-bit halfword) to the device controllers. 

Data Request Control Line, the device controller 
presents data to Data Lines D080:150, followed 
by a SYN. If a Halfword (HW) is present, the 
HW test line is also active. 

Halfword Test Line, the HW line is activated by a 
halfword oriented device controller whenever it is 
communicating with the Processor. 

Receive Acknowledge Control Line, this control line is 
activated by the Processor in response to an interrupt. 

System Clear (Initialize) Control Line, this is a 
metallic contact to ground that occurs during Power 
Fail, Power Up, or Initialize. 

Status Request Control Line, the device controller must 
present status to Data Lines D080:150, followed by a SYN. 

Synchronize Test line, this signal is generated 
by the device controller to inform the Processor 
that it has properly responded. 

Transmit Acknowledge Control line. This 
is the MBB daisy chain control line to its 
associated device controllers. 

Transmit Acknowledge Control Line. This is the MB 
daisy chain control Tine to the I/O System. 
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EXPANSION CHASSIS INSTALLATION 
AND INTERCONNECTION INSTRUCTIONS 



1. INTRODUCTION 

Four standard expansion chassis are avail- 
able for use in INTERDATA Digital Systems. 
Eauh expansion chassis is wired to accept 
some combination of standard INTERDATA 
core memory modules and standard INTER- 
DATA peripheral device controller cards as 
follows : 

Sales Number Part Number Description 

Tlrill i 

vv xjLi clCCBpi 

up to 8K Bytes 
of core mem- 
ory (one mod- 
ule) plus 10 
wire wrapped 
or 10 printed 
I/O controller 
cards. 



7-991 



12-001F04 



7-992 



12-001F08 



7-993 



12-OOlFlO 



Will accept 
24K Bytes of 
core memory 
(three modules) 
plus 5 wire 
wrapped or 5 
printed I/O 
controller 
cards. 

Will accept 
40K Bytes of 
core memory 
(five modules) 
only. 

Will accept 
13 wire 
wrapped or 
13 printed 
I/O controller 
cards only. 



The I/O section of each expansion chassis is 
wired according to the standard wiring pat- 
tern described in the Systems Interface Man- 
ual, 29-003. The memory section of each 
expansion chassis is wired in the same man- 
ner as the memory section in the Processor's 
chassis. The expansion chassis is connected 
to other chassis in the system via standard 
cables which are supplied with the expansion 
chassis. 

2. DIMENSIONS 

All INTERDATA chassis have RETMA Stand- 
ard dimensions as indicated in Figure 1. 

3. INSTALLATION, MECHANICAL 

All INTERDATA chassis can be installed in 
any standard 19 inch rack. (Up to five chas- 
sis fit in the INTERDATA Systems Cabinet, 
Sales Number 7-989. ) Chassis interconnect 
cables, supplied with each expansion chassis, 
require that all chassis are mounted immed- 
iately above or immediately below other chas- 
sis in the system. Any other installation may 
require special cabling and is subject to 
special bidding. 

Table 1 identifies the kinds of circuit boards 
which may be installed in the 26 locations of 
the expansion chassis. The four board sets 
(MCD, MEl, MEO, and MSW) correspond to 
one standard 4K Byte or 8K Byte memory 
module. The wiring pattern between these 
boards is identical to that between the cor- 
responding boards in the basic Processor's 
chassis. 

The slots designated I/O accept any set of 
standard I/O controller boards (either doub- 
le spaced boards or printed copper boards) 
or any other board designed specifically to 
be installed in a standard I/O controller slot. 



TOP 




MT6. SURFACE 




REAR 

note: 

ALL DIMENSIONS SHOWN ARE IN INCHES. 



SIDE 



TTicrnvo 1 T^imoncirina 



The wiring pattern between I/O slots is de- 
fined in the Sj^stems Interface Manual, 29- 

003. Note, for certain controllers, the I/O 
section of expansion back panels requires 
removal of some wires. Refer to 29-003 
or to the installation instructions for each 
specific device controller for details. 

Once the cards are inserted, install the re- 
taining bar to assure reliable contact between 
the connectors and mother-boards. 

Six FAST-ON tabs are provided across the 
top and bottom at the rear of the back panel. 
Six ground jumpers, Part Number 17-076, 
are provided with each chassis to jumper be- 
tween corresponding tabs on adjacent chassis. 

4. INSTALLATION, ELECTRICAL 

4. 1 Power 

A standard INTERDATA power supply can 
normally drive two fully loaded chassis (the 



basic Processor's chassis plus one expansion 
chassis. ) Each additional expansion chassis, 
or pair of expansion chassis', requires an 
additional power supply, Sales Number 7-985. 
(Exception: 7-992 requires in most cases, a 
dedicated power supply. ) 



The 17-039 cable is used for connecting the 
power supplies to the Digital System Chassis. 
As supplied, the c^le is used to connect one 
supply to one chassis. To connect one sup- 
ply to two chassis, simply remove the shrink 
tubing from the second set of connectors and 
make the additional connections on the sec- 
ond chassis. 



NOTE 

The dimensions of the cable requires 
that the power supply be installed im- 
mediately above, immediately below, 
or behind one of the two chassis. 



TABLE 1. PERMISSIBLE LOCATIONS 



Location 



7-990 



7-991 



7-992 



7-993 





1 

2 

3 

4. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



HSMBC 

MCD 

MEMl 
MEMO 

L MSW 
I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 



HSMBC 

MCD 

MEMl 

MEMO 

L MSW 
MCD 

MEMl 
MEMO 

L MSW 

C MCD 
MEMl 
MEMO 

MSW 
I/O 

I/O 

I/O 



I/O 
I/O 



HSMBC 
MCD 

MEMl 
MEMO 

L MSW 
MCD 
MEMl 
MEMO 



L MSW 
'' MCD 

1 



MSW 
MCD 

1 



L MSW 
MCD 

MEMl 
MEMO 

L MSW 



I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 



The bracketed groups correspond to one standard INTERDATA memory module, either 4K 
or 8K Bytes. 



The bulk of the power cable connections are 
made to the terminal block on the basic Pro- 
cessor's chassis. See Section 4.3.3. 



4. 2 General Rules 



When a second power supply is required, a 
second 17-039 power cable is supplied with 
it. This power cable is connected similarly 
to the first. Also cable 17-074 is installed 
between terminal blocks to control power on/ 
off from the main power control switch on 
the Processor's control panel. See Section 
4.3.3. 



Memory modules must be 
located within three adja- 
cent chassis. 

The first memory module 
in an expansion chassis 
must be located in the low- 
est numbered slots that are 
available for memory. 

The IK resistor between 
pins 7 and 8 on the TB is 
removed when a memory 
module is installed. 



4. 3 Chassis Interconnect Cable 

Expansion chassis are interconnected to 
other chassis in the digital system via some 
combination of cables which slip onto the 
wire wrap pins on the back panel. Three 
classes of interconnections are required. 

1, Memory module interconnec- 
tions. 

2, Multiplexor Bus Interconnec- 
tions. 

3, Power and power control 
interc onnections . 

4.3.1 Memory . Memory mod- 
ules must be located in no more than three 
adjacent system chassis. Systems config- 
ured with three chassis which can contain 
memory (the Processor qualifies as one of 
these) will be provided with two each 17-015 
cables. These are installed on connector 000 
and 0001 of the three chassis (rows 1 and 2). 
Systems configured with two chassis which 
can contain memory modules will be provided 
with two each 17-012 cables. These also are 
installed between comiector 0000 and 0001 
(rows 1 and 2) of the two chassis. See 
Figure 2, 



NOTE 




NOTE 



3 CHASSiS 



note: 

NO CHASSrS MAY BE INSTALLED BETWEEN 
THESE CHASSIS. 



Figure 2. Memory Interconnections 



4. 3. 2 Multiplexor Bus . The 
multiplexor bus is extended to expansion 
chassis via a single 17-014F01 (20 inch) or 
a single 17-014F02 (30 inch) cable, identical 
except for length. This cable is installed 
from the highest numbered I/O slot in the 
first chassis to the lowest numbered I/O 
slot in the expansion chassis. (The cable 
connects to the bottom connector, columns 
1 and 2 of each slot. The corresponding 
top connector is not connected to the expan- 
sion chassis). 

The first expansion chassis is provided with 
one each 17-014F01. The second expansion 
chassis is provided with one each 17-014F02. 
All additional expansion chassis are supplied 
with one each 17-014F01. This permits cabl- 
ing as indicated in Figure 3. In this case, 
I/O controllers in the Processor are highest 
in priority, followed by those in Card File 
4, followed by Card File 2, followed by Card 
File 1. 



I7-0I4F0I 




!7-0!4F0l 



I7-0I4F02 



(3 -TOP CONNECTORS ARE NOT CABLED TOGETHER 

Figure 3. Multiplexor Bus Interconnections 

Certain controllers that locate in I/O slots 
(i. e. , SELCH) provide additional cables for 
extending the I/O bus. Refer to the Installa- 
tion Specification for SELCH and to 29-003. 

Also, all multicard I/O controllers, that is 
all products which require more than one 
mother-board and which are designed to plug 
into I/O slots, must be installed in adjacent 
slots of the same chassis. 



4, 3. 3 Power . In general, one 
standard INTERDATA power supply is suf- 
ficient to drive two system chassis (i. e. , 
the basic Processor plus one expansion 
chassis or two expansion chassis). If more 
than two chassis are included in a system, 
at least two power supplies are required; 
if more than four chassis are involved, at 
least three supplies, etc. Each power sup- 
ply in the system is equipped with one IT- 
OS 9. (A supply common to two chassis re- 
quires that those chassis be mounted adjacent 
to each other. ) The power cable connects to 
the power bus strips on both systems chassis 
and to the terminal block on one chassis 
designated here as Chassis A, If one of the 



two chassis is a Processor, it must be 
Chassis A. Or if one chassis in a pair con- 
tains memory and the other does not, it must 
be Chassis A, Otherwise, there are no 
restrictions. 

The 17-039 cable is installed as indicated in 
Drawings 3-109R01B12 and 17-039B06. (The 
cable lugs are marked as indicated. ) 

When more than one power supply is involved 
in a system, cable 17-074 is connected be- 
tween pins 3,4, and 5 of the terminal block 
A. This permits common power on/off con- 
trol from the power switch on the Processor's 
control panel. 
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02-221 48 KB EXPANSION CHASSIS 
INSTALLATION SPECIFICATION 



1. LNTRODUCTION 

The 48KB Expansion Chassis is designed for use with 02-205 Series 1 Memory Modules only. It is wired to accept up 
to six (6) 02 205 Series 1 Memory Modules (consisting of four boards each), with or without parity. See Figure 1 for 
slot assignments. 
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2. DIMENSIONS 



Figure 1. Slot Assignments 



The 4»KB Expansion Chassis has standard RETMA dimensions as indicated in Figure 2. 
3. INSTALLATION, MECHANICAL 



An INTERDATA System Cabinet, Sales Number 7-989, can have as many as five chassis. However, the chassis inter- 
connect cables (17-012), supplied with each 48KB Expansion Chassis, require that the 48KB Expansion Chassis be 
mounted either immediately above, or immediately below the CPU chassis. 

Figure 1 identifies the slot assignments for the Memory Module Boards that may be installed in the twenty-six slots of 
the 48KB Expansion Chassis. Each Memory Module consists of four boards, (MCD, MEl, MEO, and MSW). The 48KB 
Expansion Chassis is expandable from one to a maximum "of six Memory Modules, 

Once the boards are inserted and properly seated in the chassis, the retaining bar, 11-024, is installed to assure that 
contact is made between the back panel connectors and the mother-boards. 



Six Fast-On tabs are provided across the top and bottom at the rear of the back panel, 
between the corresponding Fast-On tabs on adjacent chassis. 



Six ground jumpers are provided 
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Figure 2. 48KB Expansion Chassis Dimensions 



4. INSTALLATION, ELECTRICAL 



4. 1 Power 

The 02-221 48KB Expansion Chassis power requirements are such that a separate 34-007 Power Supply is required 
for each chassis. Therefore, each 48KB Expansion Chassis is supplied with a 34-007 Power Supply. See Figure 3 
for the interconnection between the 34-007 Power Supply and the 02-221 48KB Expansion Chassis. 

Interconnect the 34-007 Power Supply and 48KB Expansion Chassis (Back Panel) as indicated by the terminal board and 
pin number marked on the two protective sleeves of each wire in the 17-039 cable. For example, a wire with one end 
marked 26-5 connects to Terminal Board 26, Hn 5, on the 48KB Expansion Chassis Back Panel, and the other end, 
marked 1-6, connects to Terminal Board 1, Pin 6, of the 34-007 Power Supply. Refer to 34-007 Power System Instruc- 
tion Manual, Publication Number 29-157 for further information. 
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Figure 3. Power Supply /48KB Expansion Chassis Interconnection 



4. 2 Chassis Interconnect Cables 

The 48KB Expansion Chassis is interconnected to the CPU via two cables. Part Number 17-012, which slip onto the wire 
wrap pins on the back panel. They are installed on connectors 0000 and 0001, Rows 1 and 2 of each chassis. See Figure 4. 



00 



2 EACH !?-0!2 

INTERCONNECTING 

CABLES 




1 




48 KB 

EXSPANSION 

CHASSIS 




1 




16KB 

PROCESSOR 

CHASSIS 





NO CHASSIS MAY BE INSTALLED 
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Figure 4. 48KB Expansion Chassis Memory Interconnections 



f; av. NKR A L B ULE S 



1. The Memory Modules must be located in two adjacent chassis. 

2. The first Memory Module (four boards) in the 48KB Expansion Chassis must be located in the lowest numbered 
slots that are available for a Memory Module. 

3. The 48KB Expansion Chassis, 02-221, is designed for use with the 02-205 Memory Modules only, and will not 
function with any other. 

4. The terminating board, 35-378, must be installed in Slot 22, Connector 0, Rows 1 and 2 for proper operation 
of the memory system. 
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MODEL 70 SYSTEM TEST SET 
OPERATING INSTRUCTIONS 



1. INTRODUCTION 

The Model 28-010 System Test Set (often referred to as a Mots Box) is a maintenance test device which permits manual 
control of an INTERDATA Digital System. Indicators on the test set display the contents of several pertinent registers 
and the Sum Bus within the system. The system test set is compatible with all INTERDATA Digital Systems except the 
Model 1. 

2, SET UP PROCEDURE 

Use the following procedure to connect the system test set to the digital system. 

CAUTION 

Remove power from the digital system 
and disconnect it from its power source 
before proceeding. 

1. Carefully remove the cable assembly from its storage compartment in the system test set. 

2. Connect the four 35-103 PC board/cable connectors PI through P4 to their corresponding test 
set connectors, Jl through J4, on the rear of the system test set. Refer to Figure 1. 

3. Connect the three PC board/cable connectors (i.e. , 35-419 ROM-0, 35-420 ROM-1, and 35-421 
ALU-1) on the other end of the cable bundle to their correspond!!^ board slots on the back panel 
of the Processor chassis. 

4. The system test set derives its power from the digital system. Connect the power cable 
as follows: 

Red wire probe to power supply socket labeled P5 
Black wire probe to power supply socket labeled GND 

5. Check that all connectors are mated properly and apply power to the system. 



TO POWER SUPPLY 
P5(RED) CZB- 



GND (BLK) 




Figure 1. System Test Set Cabling 



3. CONTROLS AND INDICATORS 



Each of the controls and indicators on the system test set that are used with the Model 70 are described in the following 
paragraphs. Refer to Figure 2. For information on the remaining controls and indicators which may be used with 
other INTERDATA Digital Systems, refer to System Test Set Manual. Publication Number 29-012. 
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3. 1 Controls 



Figure 2. Control Panel Layout 



INIT - Depressing the Initialize switch (INIT) performs the same function as the Initialize switch on the Pro- 
cessor Control Panel, that is, the initialize relay in the Processor is released. This stops the clock momen- 
tarily, and clears the ROM Address Register and other flip-flops in the system. 

CLK ON - Depressing the Clock On switch (CLK ON), followed by depressing the Start switch (START), causes 
the system clock to run. The clock may be stopped by releasing the Clock On switch, 

SNGL CLK - If the system clock is off, depressing the Single Clock switch (SNGL CLK) generates a single 
clock pulse to execute one micro- instruction at a time. 

START - Depressing the START switch permits the system clock to start running if the CLK ON switch is de- 
pressed. The first micro-instruction to be executed is the instruction currently in the ROM Data Register. 

INH APRS - Depressing the Inhibit Address switch (ESTH ADRS) stops the ROM Address Register clock when 
the data switches match the ROM address. Note that the Processor clock is still ixmning and ROM readouts 
are still strobed into the ROM Data Register even thougji the ROM Address Register clock is stopped. This 
micro- instruction will be executed repeatedly. 

RD INS - The Read Instruction switch (RD INS) is normally a momentary action switch when used with other 
INTERDATA digital computer systems. In the Model 70 it is desireable to have the RD INS switch latching 
(e.g. CLK ON). To modify the RD INS switch, remove the latch retaining clip and pin from the STOP CLK 
latch switch, which is not used with the Model 70, and insert them in the RD INS switch assembly. Refer to 
Figure 3 for an example of RD INS modification. 



START 




STOP CLK 



note: to change the rd ins switch 
from momentary action to 
a latching switch — 

(t) compress the stop clk switch 
spring toward the switch 
button and remove the 
retaining clip and pin. 

(z) insert the pin in the rd ins 
switch assembly. 



® 



COMPRESS THE RD INS SWITCH 
SPRING TOWARD THE SWITCH 
BUTTON AND INSERT THE 
RETAINING CLIP. 



RD INS 



Figure 3. Control Panel Switch Modification 



This modification is performed at the INTERDATA factory at Oceanport, New Jersey, when a customer initially 
purchases a system test set for use with a Model 70 system. If the customer is presently using a system test 
set, he must modify his test set to function properly on the Model 70. 

Depressing the Read Instruction switch (RD INS) causes the contents of the data switches to be loaded into the 
ROM Data Register. This may be observed on the ROM data lamps. The RD DSfS switch must be used in con- 
junction with the ATN switch and either the SNGL CLK or PPF switch. 

To load the ROM Data Register with the contents of the data switches: 

1. Depress the ATN switch. This causes the disabling of all ROM readouts. 

2. Depress the RD INS switch. This causes the contents of the data switches to be presented 
to the ROM Data Register, awaiting a clock. 

3. Depress the SNGL CLK switch. This causes data on the data switches to be clocked into the 
ROM Data Register and the ROM Address Register to be incremented by one. As an option 
the PPF switch Is offered as a clock to load the contents of the data switches into the ROM 
Data Register, This action does not increment the ROM Address Register. 

ATN - The ATN switch is only used for insertii^ the contents of the data switches into the ROM Data Register 
during a RD INS. When this switch is depressed the ROM readouts are disabled. This switch must be used 
In conjunction with the RD mS switch and either the SNGL CLK or PPF switch. 

DATA SWITCHES - The 16 data switches, at the bottom of the system test set Control Panel, are used to 
perform a dual function: 

1. The data set into these switches is loaded into the ROM Data Register when the RD INS switch is de- 
pressed, with the ATN switch depressed, and the clock stopped. 



2. The right-most 12 switches may be used as a constant to match against the ROM Address Register. 



3. 2 Indicators 

The indicators light when the associated bit or flip-flop is set. 

ROM DATA - The 16 ROM data lamps indicate the contents of the last address read from the Read-Only- 
Memory. 

BANK - This indicator lights when the Bank flip-flop is set. 

OFF NORMAL - Indicates that at least one of the following switches is depressed: MEM, SNGL, PPF, 
or ATN. 

MATCH - Indicates a match condition between the 12-blt ROM Address Register and the data switches at 
the bottom of the system test set Control Panel. 

RAH - These lamps monitor the four most significant bits of the second rank of the ROM Address Register. 

RAL - These lamps monitor the ei^t least significant bits of the ROM Address Register. Ordinarily, 
these lamps display the address of the next instruction to be executed. 

S BUS - These 16 indicators monitor the contents of the 16-bit S Bus (Sum Bus), the result of all arithmetic 
and logical operations will be displayed on the S Bus. 

4, OPERATING PROCEDURES 

The following procedure assumes that the system test set has been properly connected to a normally functioning Model 70. 
4. 1 Initial Start-Up 

1. Connect the system test set as outlined in Section 2. 

2. Release all switches on the test set except the CLK ON switch. (Depress the CLK ON switch if it is not 
already depressed. ) 

3. Turn the digital system power on. 

4. Depress the momentary action START switch. This starts the system clocks. The system is now in the 
normal users mode. 

5. At this point the system may be investigated by the system test set. Perform any of the desired functions 
to examine results. That is, clock stopping, ROM address matching, single stepping each ROM address, 
or inserting any desired data into the ROM Data Register by the RD INS switch. 

5. FUNCTIONAL DESCRIPTION 

The following description refers to the seven sheet Model 70 System Test Set Functional Schematic 28-010B08. Sheet 
1 of the schematic shows the A section of each of the Data/Address switches on the bottom of the system test set Con- 
trol Panel, and the interconnection of the switches to the Processor back panel. As shown in Figure 1, Jl and J2 are 
on the rear of the system test set and connections PI and P2 are on the cable assembly. Note the latching Read Instruc- 
tion switch (RD INS) contacts shown in the lower left area of Sheet 1. When the RD INS switch is depressed, the condi- 
tion of switches SOO through S15 are gated into the ROM Data Register. 

Sheet 2 of the schematic shows the ROM data lamps on the system test set Control Panel, and the gates which drive 
them. Note that there Is no gating involved. Thus, the ROM data lamps continuously display the contents of the RD 
Register in the digital system. 

Sheet 3 shows the 16 bits of the S Bus display. 

The left half of Sheet 4 shows the RAH display logic. The four outputs to Sheet 6 are high when the RAH bit matches 
the corresponding S4 through S7 switch condition. For example, if S4 is depressed and RAH04 is set, the MRAH041 
signal Is hl^- The rl^t half of Sheet 4 shows the P5 lamp power and P5 logic power connections to the system test set. 



Sheet 5 shows the RAL display logic. Note that outputs to the address match logic on Sheet 6 are similar to those shown 
on Sheet 4 and described earlier in this section. 

The ROM address match logic is shown on the left side of Sheet 6. When the ROM address matches the configuration 
set in Switches 4 through 15, the output from the gate shovm in area C5 goes high. This output is applied to two gates 
shown in area D6 and D7. Going from the top to bottom, the first gate lights the MATCH indicator on the Control Panel. 
If the INH ADRS switch on the Control Panel is set, the next gate sends a signal to the Processor to inhibit incrementing 
the ROM address. 

The PPF and ATN switches in areas L6 and M6 supply signals to the Processor and are OR-tied to light the OFF NOR- 
MAL indicator. The final circuit on Sheet 6 lights the BANK indicator when the Bank flip-flop in the Processor is set. 

Sheet 7 of the schematic shows the system test set clock and control logic. When the CLK ON switch (L6) is depressed, 
ground is removed from the gate at E7. Depressing the START switch (F7) enables the gate at C7 which applies a high 
to the J input and a low to the K input of the flip-flop at L2. The CLKOFFO signal to the Processor is high. The Pro- 
cessor clock runs normally until the CLK ON switch is released. 

The SNGL CLK switch is shown in area N7. If the CLK ON switch is released, each time the SNGL CLK switch is de- 
pressed the flip-flop in area M8 is set. The flip-flop set output direct sets the flip-flop at L2 via the gates in area J3 
and K3 and the 19-034 One Shot Multivibrator. The flip-flop at L2 is reset by the System Clock signal (SYSCL) from 
the Processor clock. 

The Initialize switch (INIT), shown in area N6, produces a POWO signal to the Processor each time it is depressed. 
6. MAINTENANCE 

Maintenance on the system test set itself is normally restricted to the periodic replacement of indicator lamps. The 
lamps slip straight out from the front. It is normally possible to remove the lamp by hand. The replacement lamp, 
INTERDATA Part Number 33-011 or Sylvania Part Number 12ESB, is pushed into place by hand. 

If a trouble is encountered in the system test set, use the functional description provided in Section 5 and Functional 
Schematic 28-010B08 to locate the malfunction. 
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SYSTEM TEST SET OPERATING INSTRUCTIONS 



1. INTRODUCTION 

The Model 28-001 System Test Set (often re- 
ferred to as a MOTS Box) is a maintenance 
test device which permits manual control of 
an INTERDATA Digital System. Indicators 
on the Test Set display the contents of all per- 
tinent registers and buses within the system. 
The System Test Set may be used in main- 
taining systems with standard Read-Only- 
Memories (ROMs), and is required if a 
special maintenance ROM (X-Ray ROM) is 
used. The plug-in X-Ray ROM is substi- 
tuted for the normal ROM in the system 
under test. X-Ray ROM details are pro- 
vided in separate publications. The System 
Test Set or System Test Set/X-Ray ROM 
combination permits rapid check-out and/ 
or trouble analysis of an INTERDATA Digi- 
tal System. The System Test Set is com- 
patible with all INTERDATA Digital Systems, 
except Model 1. Unless otherwise noted, all 
comments in this manual apply equally to all 
Digital System Models. 

2. SET-UP PROCEDURE 

Use the following procedure to connect the 
System Test Set to the Digital System. 

CAUTION 

Remove power from the Digital 

System and disconnect it from 

its power source before proceeding. 

1. Carefully remove the cable 
assemblies from their stor- 
age compartment in the Sys- 
tem Test Set. 



Connect the PI through P3 
cable connectors to the Jl 
through J3 connectors on 
the rear of the Test Set. 
Refer to Figure 1. 



the cables to the back panel 
of the Digital System. Re- 
fer to Figure 1. 

The System Test Set derives 
its power from the Digital 
System. Connect the power 
cable as follows: 



Voltage Wire Color Location Use 



+15 


Orange 


TB4-2 


Memory 

Voltage 

Reference 


+ 5 


Red 


TBS -3 


Lamp Supply 


GRD 


Black 


TB5-6 


Lamp Ground 



5. Clip the final lead (used for the 
memory threshold adjustment) 
to the back panel as follows: 

Model 2 - 203-0100 
Models 3, 4, and 5 - 119-0200 

6. Check that all connectors are 
mated properly and apply power 
to the system. 



A-I53- 




Figure 1. System. Test Set Cabling 



3. CONTROLS AND INDICATORS 



Each of the controls and indicators on the 
System Test Set control panel is described 
in the following paragraphs. Refer to Figure 
2. 



3: 1 Controls 



EXT CLK 



MEM VOLT 



The MEMory VOLTage 
potentiometer is used to 
vary the bias in the core 
memory. The potentio- 
meter is connected only 
when the MEM Switch is 
depressed. 



MEM 



The EXTernal CLocK po- 
tentiometer is used to vary 
the frequency of a test 
clock which maj? be substi- 
tuted for the system clock. 
The potentiometer is con- 
nected only when the EXT 
Switch is depressed. 

When depressed, the MEM- 
ory Switch enables the MEM 
VOLT potentiometer which 
is used to test the bias mar- 
gins in the core memory. 
This switch should normally 
be released - if not, mar- 
ginal core memory operation 
may result. 



MEM VOLT 
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Figure 2. Control Panel Layout 



ATN, These switches are used as 

PPF, sense switches for the X- 

and SNGL Ray. (See Section 4. ) If 
an X-Ray ROM is not in 
place in the computer, 
these switches should all 
be released. The OFF 
NORMal lamp lights if any 
are depressed. 

INIT The INITialize Switch performs 

the same function as the INITIA- 
LIZE Switch on the front panel, 
the Initialize relay in the Pro- 
cessor is released. This stops 
the clock momentarily, and 
clears the ROM address register 
and other flip-flops in the system. 

EXT When depressed, the EXTemal 

Switch enables the clock frequen- 
cy to be controlled by the EXT 
CLK potentiometer. If the 
switch is released, the crystal- 
controlled clock in the Proces- 

OUi xo cllclDlCU. ±lIXO DWlUJli 

should not be operated while the 
clock is running. 

CLK ON Depressing the CLocK ON 

Switch, followed by depressing 
START, causes the system 
clock to run. The clock may 
be stopped by releasing the 
CLocK ON Switch, or on an ad- 
dress match when STOP CLocK 
is depressed. 

SNGL CLK If the clock is off, depressing 
the SiNGLe CLocK Switch gen- 
erates a single clock pulse, to 
execute one micro-instruction 
at a time. 

START Depressing the START Switch 

permits the clock to start run- 
ning if CLK ON is depressed. 
The first micro-instruction to 
be executed is the instruction 
currently in the ROM data reg- 
ister. 



INH ADRS 



STOP CLK 



RD INS 



Data Switches 



Depressing the INHibit 
ADdReSs Switch stops the 
ROM address register 
clock when the Data 
Switches match the ROM 
address. Note that the 
Processor clock is still 
running and ROM readouts 
are still strobed into the 
ROM DATA register even 
though the ROM address 
register clock is stopped. 
This micro-instruction 
will be executed repeatedly. 

Depressing the STOP CLocK 
Switch enables a continuous 
match between the ROM ad- 
dress register and the 12 
least significant bits of the 
Data Switches. The Pro- 
cessor clock is stopped 
when a match is detected. 

Operation of the ReaD 
INStruction momentary 
Switch causes the contents 
of the Data Switches to be 
loaded into the ROM DATA 
Register. This may be ob- 
served on the ROM DATA 
lamps. The switch is dis- 
abled when the clock is 
running, i.e. CLK ON 
depressed. 

These 16 Data Switches, 
across the bottom of the 
panel, are used to perform 
a dual function: 



The data set into these 
switches is inserted in- 
to the ROM DATA 
Register when RD INS 
is depressed with the 
clock stopped. 

- or - 



2. The right- most 12 bits 
may be used as a con- 
stant to match against 
the ROM address reg- 
ister. 

3.2 Indicators 

The indicators light when the associated 
bit or flip-flop is set. 



ROM DATA 



BANK 



OFF NORMAL 



MATCH 



RAH 



RAL 



S BUS 



The 16 ROM DATA lamps 
indicate the contents of the 
last address read from the 
ROM. 

Indicates the state of the 
Bank flip-flop in Models 

f! 4. nr !^ Tlicn'tal SvstPTns. 
w, -, — ^ — o —.^ 

Not used with the Model 2. 

Indicates that at least one 
of the following switches 
are depressed: MEM, 
SNGL, PPF, or ATN. 

Indicates a match condition 
between the 12-bit ROM 
Address Register and Data 
Switches. 

These lamps monitor the 
4 most significant bits of 
the second rank of the ROM 
Address Register, 

These lamps monitor the 
8 least significant bits of 
ROM Address Register. 
Ordinarily, these lamps 
display the address of the 
next instruction to be 
executed. 

Indicates the contents of 
the S Bus. For the Models 
2 and 3, only the right- 
most 8 bits are applicable. 
For Models 4 and 5, all bits 
are used. 



DFR/IR For the Models 2 and 3, 

the right- most 8 bits dis- 
play the contents of DFR. 
For the Models 4 and 5, the 
right -most 4 bits display 
the contents of the Flag 
Register; C, V, G, and L. 
The next 4 bits display the 
state of the Counter Register. 

The remaining 8 bits in this 
row of lamps are used for 
Models 4 and 5 Systems only. 
Eight flip-flops are displayed 
as indicated on the display 
panel. 

AR Indicates the contents of 

the AR. For the Model 2 
and 3, only the right-most 
8 bits are applicable. For 
the Models 4 and 5, all 16 
bits are used. 

4. OPERATING PROCEDURES 

The following procedures assume that an 
X-Ray ROM is used in conjunction with the 
Test Set. 

4. 1 Initial Start-Up 



Connect the Systems Test 
Set as outlined in Section 2. 

Before power is applied to 
the system, carefully re- 
move the ROM mother-board 
and substitute the X-Ray 
ROM. 

Slide the Display Controller 
mother-board out of the card 
file far enough to disconnect 
the back panel connectors. 
It is not necessary to re- 
move the cables from the 
front of the Display Controller. 

Release all switches on the 
Test Set except CLK ON. 
Depress CLK ON. 



Turn the Digital System 
power on. 

Depress the momentary 
START Switch. This starts 
the X-Ray running. 



4. 2 ROM Program Execution 

The ROM program may be started at any 
address by using the following procedure 
to load the starting address of the ROM 
subroutine into the ROM Address Register. 

1. Release the CLK ON Switch to 
stop the system clock. 

2. Depress INIT to initialize the 

system. 

3. Insert X'5D' (Load RAH) on Data 
Switches through 7. 

4. Set Data Switches 8 through 15 
to the desired RAH address. 

5. Depress the RD INS pushbutton 
and the SNGL CLK pushbutton to 
load the RAH Master Register. 

6. Insert X'5E' (Load RAL) on Data 
Switches through 7. 

7. Set Data Switches 8 through 15 to 
the desired RAL address. 

8. Depress the RD INS pushbutton 
and the SNGL CLK pushbutton to 
load the RAL Register and the 
RAH Slave Register. The start- 
ing address is now displayed on 
the RAH and RAL indicators, 

9. Depress SNGL CLK. The system 
fetches the micro-instruction at 
the selected address and executes 
that instruction. 

The system may be stepped through each 
micro-instruction by continuing to depress 
SNGL CLK, or CLK ON may be depressed 
to run the micro-program at normal speed. 



4.3 Address Match 

The System Test Set permits halting the 
system in either of two modes when the 
micro-program reaches a designated ad- 
dress. If an address is selected and STOP 
CLK is depressed, the system executes the 
instruction at the selected address, and then 
fetches the next instruction, but does not 
execute it. If, instead of STOP CLK, INH 
ADRS is depressed, the ROM Address Reg- 
ister is frozen at the selected address and 
the instruction at that address is executed 
repeatedly. Use the following procedure 
for address matching: 

1. Set the desired match address 
on the Data Switches. 

NOTE 

Do not select an address at 
which the ROM micro- instruc- 
tion is a Load RAL or an exe- 
cuted Branch. 

2. Depress STOP CLK or INH 
ADRS depending upon the mode 
of the operation desired. 

3. Resume operation after a match 
by simply releasing INH ADRS, 
or by releasing STOP CLK and 
depressing START. 

4. 4 X-Ray Control 

When running the X-Ray ROM program, it 
is often desirable to have the program con- 
tinuously loop through certain tests, or to 
loop through all X-Rays and only stop on 
errors. This is accomplished by using the 
PPF, ATN, and SNGL Switches as sense 
switches which are interrogated by the X- 
Ray program after a set of tests. The func- 
tion of each switch is: 

1. SNGL - When SNGL is released, 
the X-Ray continuously loops 
through the Processor X-Rays and 
the Memory X-Ray. 



When SNGL is depressed, the 
X-Ray ROM loops in the Wait 
loop after each set of tests. 

2. ATN - When ATN is depressed, 
the X-Ray loops in one set of tests. 
The operator selects the particular 
set of tests by stepping the system 

• through the X-Ray s with the EXE- 
CUTE pushbutton. Just prior to 
executing the test to be repeated, 
the ATN pushbutton is depressed. 

3. PPF - If the PPF Switch is de- 
pressed, the micro-program loops 
in the Wait loop if the X-Ray de- 
tects an error. The AR indicators 
also display an error pointer code 
at this time. An error pointer 
code dictionary is provided in 

the Model 4 X-Ray ROM In- 
struction Manual , Publication 
Number 29-058. 

If the program is looping in the Wait loop 
as a result of the PPF and/or SNGL Switches, 
the program may be continued by depressing 
the EXECUTE pushbutton on the Display 
Panel twice. 

The previous descriptions of the SNGL, 
ATN, and PPF Switch operation are appli- 
cable for the Model 3 X-Rays (START 
through START 6), and for the Memory X- 
Ray (START 10). The START 7 X-Ray 
tests the Primary Power Fail circuit and the 
False Sync logic. During START 7, the 
SNGL, ATN, and PPF Switches have a differ- 
ent significance. To begin execution of the 
START 7 X-Ray, depress PPF and then 
INIT. If the SNGL Switch is depressed, 
the program loops at the end of the test 
(though not in the Wait loop). If the SNGL 
Switch is released, the micro-program 
continuously repeats START 7. 

4.5 Core Memory Marginal Test 

Use the following procedure to determine the 
core memory threshold margins: 



1. Continuously loop through the 
STAHT 10 X-Ray with the PPF 
Switch depressed to assure that 
no errors are detected. 

2. Connect a voltmeter between 
ground and the VT testpoint on 
the Digital System back panel 
(pin 211-1 of MEMO or MEMl). 

3. Set the MEM VOLT potentio- 
meter to its mid position and 
depress the MEM Switch. 

4. Vary the MEM VOLT potentio- 
meter to obtain readings from 
3 volts to 5 volts. If the Mem- 
ory X-Ray fails between these 
limits, the memory requires 

to the Memory Section of the 
Digital System Maintenance 
Manual. 

4. 6 System Clock Marginal Test 

If a trouble exists in the system, and it is 
suspected that the problem is related to 
speed, the variable clock on the System Test 
Set may be used as an aid to isolate the 
problem. 



Use the following procedure to employ this 
feature. 

1. Monitor the CDO test point on the 
Digital System back panel with an 
oscilloscope. 

2. Start the X-Ray running through 
all Processor tests, SNGL and 
ATN Switches released, PPF 
Switch depressed. 

3. Release CLK ON, and PPF. 

4. Turn the EXT CLK potentio- 
meter fully counter-clockwise. 

5. Operate the EXT, CLK ON, INIT, 
and PPF Switches. 



When START is operated, the X-Ray program 
runs with the EXT clock at its slowest speed. 
If the program runs at this speed, increase 
the clock speed in discrete steps until a fail- 
ure occurs. Five or ten seconds should be 
allowed between each setting to insure that 
the X-Ray completes at least one cycle. 

NOTE 

The clock in the Test Set is variable 
over a wide range and can be adjust- 
ed to be much faster than the com- 
puter crystal frequency. The crystal 
frequency should not be exceeded by 
more than 10% when running this test. 
The X-Rays should normally be run 
with the EXT Switch released. 

5. FUNCTIONAL DESCRIPTION 

The following description refers to the ten 
sheet System Test Set schematic provided 
at the rear of this manual. 

Sheet 1 of the schematic shows the A Sec- 
tion of each of the Data/Address switches 
on the bottom of the System Test Set panel, 
and the interconnection of the switches to 
the Processor back panel. As shown on 
Figure 1 earlier in this manual, Jl and J2 
are on the rear of the System Test Set. 
Connections PI and P2 are on the cable 
assemblies, while the diodes shown en- 
closed within dotted lines are mounted on 
the connectors which mate with the back 
panel (RMI-0 and RMI-1). Note the momen- 
tary (non- latching) Read Instruction switch 
contacts shown in the lower left area of 
Sheet 1. When RD INS Switch is depressed, 
the condition of switches SOO through S15 is 
gated into the ROM Data Register. 

Sheet 2 of the schematic shows the ROM 
DATA lamps on the System Test Set Control 
Panel, and the gates which drive them. 
Note that there is not gating envolved. Thus, 
the ROM DATA lamps continuously display 
the contents of the RD Register in the Digital 
System. 



Sheet 3 shows the least significant 8 bits of 
the AR display and the S Bus display. Sheet 
4 shows the most significant 8 bits of these 
displays, which are required only with Model 
4 and 5 Digital Systems. 

Sheet 5 shows part of the cable which is used 
with the Models 4 and 5. The_ sheet provides the 
Instruction Register display in such systems. 
Note the output from area R9 of this sheet to 
6R9. This ground inhibits the inputs shown 
on the top right of Sheet 6, 

The left half of Sheet 6 shows the RAH dis- 
play logic. The four outputs to Sheet 8 are 
high when the RAH bit matches the corres- 
ponding S4 through S7 switch condition. For 
example, if S4 is depressed and RAH04 is 
set, the MRAH041 signal is high. The right 
half of Sheet 6 shows the DFR display logic 
if the Digital System is a Model 2 or a Model 
3 (see the preceding paragraph if the Digital 
System is a Model 4 or 5). 



Sheet 7 shows the RAL display logic. Note 
that outputs to the address match logic on 
Sheet 8 are similar to those shov.Ti on Sheet 
6 and described earlier in this Section. 

The ROM address match logic is shown on 
the left side of Sheet 8. When the ROM ad- 
dress matches the configuration set in 
Switches 4 through 15, the output from the 
gate shown in area C5 goes high. This out- 
put is applied to four gates shown in area 
C6 through C9. Going from the top to bot- 
tom, the first gate lights the MATCH indi- 
cator on the Control Panel. If the INH 
ADRS Switch on the Control Panel is set, 
the next gate sends a signal to the Processor 
to inhibit incrementing the ROM address. 
If the STOP CLK Switch on the Control Panel 
is set, the output from the next gate stops 
the System Test Set clock (Sheet 9). The 
last gate provides an output to the ADD 
MATCH jack on the rear of the System Test 
Set. This output Is tyipically used to trigger 
an oscilloscope at a selected ROM address. 



The logic shown in the H axid J area of Sheet 
8 provides the Digital System clock to the 
CLOCK jack on the rear of the System Test 
Set, and to the Stop Clock gate discussed in 
the preceding paragraph. The PPF, ATN, 
and SNGL Switches are shown in areas L6 
and M6. Note that in addition to supplying 
signals to the Processor, these three 
switches and the MEM Switch are OHed to 
light the OFF NORMAL indicator. The final 
circuit on Sheet 8 lights the BANK indicator 
when the Bank flip-flop in the Model 3, 4, or 
5 Processor is set. 

Sheet 9 of the schematic shows the System 
Test Set clock and control logic. Assume 
first that the normal Processor internal 
clock is being used. In this case, the CLK 
ON Switch, shown in area G6, is depressed 
to remove the ground from IC05-10 (area 
C7). The CLKOFFO signal is then forced 
high via gates at B7 and C2 when the START 
Switch at E7 is depressed. The Processor 
clock runs normally until a STPO signal is 
received on an ROM address match, or un- 
til the CLK ON Switch is released. 

If the External (System Test Set) clock is 
used, the EXT Switch, shown in area A8, is 
depressed. The normally-open contacts 
close to generate a CLKOFFO signal which 
stops the Processor clock until EXT is re- 
leased. The normally-closed contacts re- 
lease the flip-flop shown in area C9. When 
CLK ON is depressed, followed by START, 
the flip-flop is set. The high output from 
the flip-flop enables the gate shown in area 
F9. The other input to the gate is the out- 
put from the external clock multivibrator 
circuit which is shown in the lower right 
area of Sheet 9. The output from the gate 



in area F9 generates the EXTCLKO signal 
to the Processor via gates shown in areas 
G2 and H2. The clock continues to run at 
the frequency selected by the EXT CLK 
potentiometer shown in area M6, until the 
flip-flop shown in area C9 is reset. The 
flip-flop may be reset one of three ways: 
by SCLRl from the Processor, by STPO 
from Sheet 8, or by the CLK ON Switch 
(shown in area E6) being released. Note 
the SNGL CLK Switch shown in area H7. 
If the CLK ON Switch is released, the flip- 
flop shown in areas G8 and H8 is set each 
time the SNGL CLK Switch is depressed. 
The flip-flop output produces a clock pulse 
each time SNGL CLK is depressed. 

The Initialize Switch, shown in area H6, 
produces a POWO signal to the Processor 
each time it is depressed. The MEM VOLT 
potentiometer selects a memory threshold 
voltage which is applied to the Processor if 
the MEM Switch is depressed and the clip 
lead is installed. 

6. MAINTENANCE 

Maintenance on the System Test Set itself is 
normally restricted to the periodic replace- 
ment of indicator lamps. The lamps slip 
straight out from the front. It is normally 
possible to remove the lamp by hand. The 
replacement lamp, INTERDATA Part Num- 
ber 33-011 or Sylvania Part Number 12ESB, 
is simply pushed into place by hand. 

If a trouble is encountered in the System Test 
Set, use the Functional Description provided 
in Section 5 and Functional Schematic 28-001B08 
to locate the malfunction. 
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